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Ail'. I pitch down liis basket before us, 

All trembling alive 

With pink and grey .jellies, your sea-fruit ; 

Yon touch the strung* lumps. 

And mouths gape there, eyes open, all manner 
. Of honiM and of humps. 

Bhowkiku, The Englishman- in Italy 
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P HE FACE TO VOLUMES L X. 

ON the completion of the publication of The CmnbrUhje XtiUtrul 
i History the Kditors think that it is desirable to give some 
explanation of the circumstances under which the work was 
originally planned, and of certain other events which have 
allectcd the progress ol* the undertaking. 

The editing of the series was in the first instance entrusted 
to Mr. J. W. Clark, at that time Superintendent of the Uni- 
versity Museum of Zoology, Cambridge, and formerly Fellow of 
Trinity College. Mr. (dark almost immediately obtained the co- 
operation of the present Kditors, and the original prospectus, 
issued in 18 Do, announced that the volumes would be brought 
out under the supervision of Mr. ( Mark, Mr. I farmer, and Mr. 
Sbipley. A preliminary plan of arrangement of the subjects 
had been drawn up hy Mr. (dark, while he laid the. sole responsi- 
bility for the direction of the work. This plan was amplified 
ill detail witli the assistance of the present Kditors, and soon 
crystallized into a scheme which has remained without substantial 
alteration throughout. The list of contributors given in the 
Prospectus of 1893 is not very different from the lists given on 
the title-pages of the published volumes. Professor Weldon's 
lamented death, in 1900, made it necessary to find another 
author to undertake the description of the Crustacea ; and in 
this the Editors were fortunate in securing the co-operation of 

Mr. Geoffrey Smith, Fellow of New College, Oxford. For various 

vin a 
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reasons some of the intended contributors found it necessary to 
withdraw their .assistance during the progress of the work. The 
account of the Sponges, originally undertaken by Professor Sollas, 
was actually written by his daughter, Miss I. B. J. Sollas, of 
Xewnham College. The Polychaet Worms were described by 
Dr. W. 11. licnhuui, now Professor of Zoology in the University 
of Otago, in place of Professor D’Arcy Thompson. Mr. F. IS. 
Cowpcr Peed, whose name does not appear in the original Pros- 
pectus, contributed an account of the fossil Bmchiopods. Mr. 
H. Woods rejdaced Dr. Malcolm Laurie as the writer of thft 
.account of the Trilobites and Eurypterids, while Mr. Shipley con- 
tributed a description of King-crabs, Tardigrades, and Penta- 

c 

stomids, in place of Dr. Laurie and Professor Thompson. The 
Fishes were undertaken by Dr. T. W. Bridge, F.H.S., Professor of 
Zoology in the University of Birmingham, whose recent deatli 
the Editors deeply deplore, and by Mr. <». A. Boulenger, K.H.S., 
of the llritish Museum (Natural History), in the place of Pro- 
fessor Bateson. Finally, the Mammals, which at first were 
assigned to Mr. .J. J. Lister, were ultimately allotted to Dr. F. 
E. Beddard, F.K.S., Prosector to the Zoological Society of London. 

Mr. Clark/ who resigned the office of Superintendent of the 
Museum of Zoology at the end of 1 DO 1 , on his appointment as 
Registrar)' of the University of Cambridge, found that his new 
duties would not permit him to carry out his original intention 
of noting as Editor of the series. He therefore gave up his direct 
connection with the undertaking, although he always maintained 
the friendliest interest in its progress. His resignation took . 
effect before the correction of the first of the proof-sheets was 
actually commenced. For this reason his name docs not appear 
in any of the volumes, but the Editors wish to acknowledge , 
gratefully the valuable help he gave in planning the work in its 
initial stages. 
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The ten volumes which compose The Cambridge Natural 
'• ffw t ov q were issued us they were ready for publication, and thus 
they have not appeared in any logical sequence. The following 
list gives the contents of the volumes-, with a statement of the 
dates of their publication 


Vor, 1. l non - 


Vol. II. 1800 ■ 


Vol. III. 1895 | 
Vol. IV. 1!»0!» -f 


Voi. V. 1895- 


VOL. 


VI. 1899 | 
Vol. VII. 1901 I 


Protozoa 

SpOXOKS 

CoKLKNTKK ATA AND < 'TKNOl'lftOIIA 
. KciIIXOl IKK MATA 

’ Pl.ATWoKMS AND MksOZOA 

Xemkrtinks 

Threadworms and N . iturr . \ 

Rotifers 

Polyciiakt Worms 
Earthworms and Beeches 
(iKPHYKEA AND I'lHWXIS 
Poi.YZOA 

Molliscs 

II RADII IOI'oDS 
(.’Hl/STACKA 

Trii.oiuta 

Arachnida 

Pycnouonida 

I'Kiur.rrrs 

Myriapods 

Insects, Part I. ( Apt era, Oktiioptrka, Nkl-roptera, 

AND PART OF 1 1 YM KNOPTKHA) 

Insects, Part II. (Hymenoptera ( nnirlmlnt ), (.’oleop- 
tera, Strepsipteka, Lkpidoptkra, Diptera, 
Aphaniptkra, Tiiysanoptkra, Memiptkra, Ano- 

PF.L-RA) 

Hemichokhata 
Ascidtans AND AMPNMXrS 
Fishes 


Vol. VIII. 1901 

Vol. IX. 1899 
Vol. X. 1902 


Amphibia 

Reptilia 

Birds 

Mammals 


The Editors wish to take this opportunity of giving their 
sincere thanks to the contributors whose labours have made the 
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work a success, and in ])articular to express tlieir appreciation 
of a quite unusual patience shewn by those among them who 

c 

have sulfered from delay in the appearance of their contributions. 
The long-sufferance and good-will which they have manifested, 
and the readiness with which they have done tlieir work more 
than once in order to bring it up to date on the eve of publica- 
tion, have been beyond praise. 

To the Publishers and to the Printers, whose forbearance 
must have been severely tried by the inevitable delays that have 
occurred, the Kditors desire also to express their grateful ucknowk. 
ledgments. 

To the many friends who have assisted at various stages by 
their counsel, by giving information on doubtful points, and in 
some cases even by reading some of the proof-sheets, the Kditors 
are under a special debt of obligation. 

The invaluable assistance which has been given by the 
Artists who have prepared the illustrations must not be forgotten ; 
and in particular the Kditors owe very special thanks to Mr. 
Kdwin Wilson, of Mill Lane, Cambridge, whose unrivalled skill 
in depicting animals, and whose accuracy in drawing the details 
of tlieir auatomy, has very greatly increased the value of the 
present volumes. 


July 1900 . 


S. F. HARM EE. 
A. K. SHIPLEY. 




SCHEME OF THE CLASSIFICATION ADOPTED 
IN THIS HOOK 

The names of extinct groups arc printed in italics. 

PROTOZOA (pp. 1, 48). 


f Rhlzopoda 

' (]». 51) 


Foraminifera 

(p. 58) 


SARCO- 

DINA 

(p. 51) 


Heliozoa 

(P- 70) 


Radiolaria 

(p. 75) 


/ Lolioaa (p. 51). 

\ Kilosa (p. 52). 
f Allogromidiacoftp (p. 58). 

1 AstrorluzidaciMHj (p. 50). 
Lituolidaceac (p. 59). 
Miliolidaucae (p. 59). 
Tuxtulariaiscao (p. 59). 
(Jlittilrmtoiiiclluiwao (p. 59). 
Lagenaccac (pi 50). 
dlobitferinidai' (p. 59). 
Hotal iaci'.'io (p. 59). 

\ Nuiimiulilai'.cao (p. 59). 

( ' Aphrothoraca (p. 70). 

Clilaniyilophora (p. 71). 

| Clialarotlinrara (p. 71). 

I DoHinotlioraca (p. 71). 
r f 

Collodaria 
- (p. 77) 


Porulosa 
--- Holo- 
trypaata 

(p. 76) 


Spumcllaria 
= Pcripylaca- 
(pp. 76, 77) 


ftphacndlaria 

(p. 77) 


Acantharia 
— Aclipylaea 
(pp. 76, 78) 


(Continued on the next page . ) 


O'”*™ ( Nassollaria 


Col lo idea 

(p. 77). 
Holoidca 
(p. 77). • 
Spliacroidea 
(p* 77). 
Pruiioidua 

lAhlea 

(|>. 77). 
Autiuelida 
(p. 78). 
Acanthonida 
(p. 78). 

Sphaoroplimota 
(p. 78). 
Pruuopliracta 
. (P. 78). 

{ NaHHoidca 
(p. 78). 
Plectoidea 
(p. 78). 


IX 



SCHEME 0# CLASSIFICATION 


8ABC0- 

DINA 

{contd.) 


Radiolariaj 

{contd') 


Oscnlosa 


trypazta 

{contd . ) 


8P0R0- 

ZOA 

(p. 94) 


Proteomyza 

(p. 88) 

Myoetozoa 

(p. 90) 


Telozporldia 

(p. 97) 


Neozporidia 

(p. 97) 


Nassellaria 

-Monopylaea 

{contd.) 


Phased aria 
=Cannopylaea 
=Tripylac?a 
(pp. 76, 79) 


t Myxoidua 
I (P- 89) 

| Catallouta 

l (p. 89). 


„ »)■■ 
Spyroidea'- 

(p.78). 

Botryoidea 

(P-7»). 

Cyrtoidea 
(t>. 79). 
Fhaeocystina 
(p- 79). 
Fhaeoipliaoria 
(P- 79). . 
Phaeogromia 
(p. 79): , 

Phaeoconchia. 
(p. T9). 


( Zoosporeae (p. 89). 
Azoottporeae (p. SO). 


f Acrasieau (p. 90). 

4 Kiloplasmoaicao (]>. 90). 
iMyxomyootoa (pp. 90, 91). 


Grogariui- f Schizogregarinidae (p. 97). 
daceuc 4 Acuphiilinidao (p. 97). 

(pp. 97, 98) V Dicyatidao (p. 97). 

( »») ( (},. 07, 1W). 


MyxoBporidiaoeao (pp. 98, 1067- 
Actinomyxidiacoao (p. 98). 
Saruo-siwridiaceae (pp. 98, 108), 


PLAGEL- 
\ .LATA 

(p. 109) 


pAiitostomata (p. 109). 

f Distomatidao (p. 110). 
Oikomonadidfto (p. 111). 
Bicoecidac (p. 111). 
Cmspedoinonadidao (pp. Ill, 
121 ). 

Protomasti- I PhalauBtoridao (p. 111), 
gacoae < Moimdidae (p. 111). 

(p. 110) 1 liodouidao (p. 111). 

Amphimonouidao (p. 111). 
TrimAstigidae (p. 111). 
Polymastigidae (p. 111). 

. Trichonyinphidao (pp. Ill, 128). 
I Opaliniaae (pp. Ill, 128). 
Chryeo- f 

nionadaceae-f Coccolithophoridae (p. 114). 

(pp. 110, 125) l 
Cryptomonadacoao (p. 110) 

Volvocaseae ( Chlamydomonadidae (pp. Ill, 

(pp. 110, 4 125). 

Ill) [ Volvocidae (pp, 111, 126); ■ 

Chloromonadaceae (p. 110). 

Euglenaceae (pp. 110, 124). 

Silicoflagellata (pp. 110, 114). 

Cystoflagellata (pp. 110, 182). 
iDinoflagellata (pp. 110, 180). 


SCHEME OF CLASSIFICATION xi ' 


INFU8- 

ORIA 

(p. 186)' 


[ Gyznnostoriiaoeae (pp. -137, 162). 
Aspirutricliaceae (pp. 137, 158*). 
Huturotrichaceae (pp. 137, 163). - 
Oligotriohaceae (pp. 137, 166). 
Hypotrioliaceae (pp. 137, 138). * 
[ Pcntrichaueuo (pp. 138, 165). 

[ Buctoria=Tentaculifera (p. 158). 


. (p. 137) 


PORIFERA (p. 163). 


CUwm. Bub-Class. 


<> 

MEGA- 

MASTIC- 

TOBA 

(pp. 183, 

'a 13« 


Calcarea 

(p. 184) 


(p. 185) 

4 


Heterocoela 

(p. 137) 


Order. Family. 

( Leucosoloniidfto 
(p. 185). 
Clatliriniclae 
(p. 185). 

f Ryuettiilae (p. 187). 
Grantiidat* (p. 102). 
Heteropidac 

(p. 102). 
AmplioriHcidae 
(p. 102). 


Sub-Family. 


Pharetrnnidao 

O'. 1»2) 

Astroscleridae 
(j>. 104). 


f Dialy tinae 

I (p. 102;. 

| Litliouiuao 
l (p. 103). 


MICRO- 
MASTIC- 
TOBA 
(PP- 188, 
195) 


MyxosponglM 

(!•■ 196). 


Hexaotin- 

rillda 

(p. 197) -! 


f AmphidiBCophora 
(p. 203). 
Hexaaterophora 

(p. 203). 


OCTACTINBLLIDA 
(p. 208). 

HkTBRA CTIMILUDA 
(p. 208). 


f Tetractlii- 
elUda 

(pp. 211, 

212 ) 


Demo. 

(5*209) 


lieccplaculi - 
tidae (p, 207). 


Ida 

(pp. 211, 

216) 


(pp. 211, 
220 )- 


Choristida 

■ (p. 212). 

Litnistidii 
Upp. 212, 215). 
Halichondrina ’ 
(1>. 217). 
Spintharophora 
(p. 217). 

Dictyo- 

ceratina 

(p./ 220) 

^Dafidroceratina 

' (pp. 220, 221). 




xii 


SCHEME OF CLASSIFICATION 


CltM. 


HTDRO- 

ZOA 

.(!». 249) 


(Continued 


OOELENTERATA (p. 243). 


Order. .Sub-Order. 

Elautharoblaatea 

(p. 263). 

Milleporina 
(I>. 2B7). 


Fuinlly. 


Bub-Family. 


Gymnoblaatea 
(Anthonie dusae) 

(p. 262) 


Calyptoblaatea 
(Leptomeduaae) 

(p. 275) 


Graptolitowea 

(p. 281) 


Stylasterina 
(p. 283) 


Traohomeduaae 

(p. 268) 


Narcomeduaae 

(p. 295) 


Blphono- ( Calyi 
phora-! 

. (p. 297) [ (p. 


Bougainvilliidae 
(i). 269). 

Podocorynidae (p. 270). 
Clavatollidae (p. 270). 
Cladonumidaii (p. 270). 
Tubulariidae (p. 271). 
CcratoIIidae (p. 271). 
Puniiuriidae (p. 272). 
(Joryiiidau (p. 272). 
Clavidae (p. 272). 
Tiaridau (p. 273). 
Corymorphidao (]». 273). 
Hydrolaridao (p. 273). 
Monuhrachiidao (p. 274). 
, Myriotliolidae (p. 274). 

I Polagohydridau (p. 274). 
r Aequon-idac (p. 278). 

1 Thauniantiidac (p. 278). 
Canuotidao (p. 278). 
Sertulariidae (p. 278). 

Plumulariidau (p. 279) 

Ilydrocoratinidae 
(p. 279). 
Canipanulariidao (p. 280). 
Eucopidao (p. 280). 
Deiuiroijraptidac 
'<!>- 281). 

Mmuprionidae (p. 282). 
JUprionulae (p. 282). 

[ llctiolU idac (p. 282). 

Stromatoporidae (p. 283). 

| Stylaatoridae (p. 285). 

rOlindiidae (p. 291). 
Petaaidae (pi. 294). 
Tracliynuinidau (p. 294). 
lVc.tyflidao (p. 294). 
Aglauridan (p. 294). 

I Geryoniidae (p. 295). 
f Cunanthidao (p. 296). 

J Poganthidao (p. 296). 


/ Eleuthcroplea (p. 279). 
\ Statoplca (p. 279). 


Calyco- 

(p. 297) 

n the next page,) 


I Aoginidau (p. 296). 
Solmaridao (p. 296). 

phorao-! Monophyidae (p. 306) 
305) 


C Sphaeronootinae 
1 (p. 306). 

Cymbonectinae 
(p. 306). 






SCHEME OF CLASSIFICATION 


XlU 


Claw. 


Order. 


HYDRO- 

ZOA 

(( zontd . ) 


phora 

(canid. ) 


Sub-Order. 


Calyco- 

pliorac 

(contd.) 


Family. 


Physo- 
phorac 
(p. 307 ) 


BCYPHO- 

ZQA— 

SCYPHO- 

MEDU8AE 

(pp. 249, 
810) 


f Cubomedusae 

(p- 318). 

Btauromedusae 

(p. 320 ) 

Coronata 

(p. 321 ) 


Diacophora 

(p. 323 ) 


Seiua(M)- 
stomata 
(p. 323 ) 


Rhizo- 

Btomatu 

(i>. m 


Diphyidae (p. 306 ) 


^ Polyphyidae (p. 307 ). 

Physoncclidae (p. 307 ) 

Auroiujutidae (p. 308 ). 
Rliizophysaliidae 
(p. 308 ). 

Chuudrophoridao 
(p. 308 ). 

Churybdiddau (p. 318 ). 
Chirudropidui: (p. 319 ). 
TriiKHlaliidae (p. 319 ). 
Lncernariidau (p. 320 ). 
DupaHtridac. (p. 321 ). 
Stonoacyphidao (p. 321 ). 
Puripliylfidao (p. 322 ). 
Kphyropsidao (p. 322 ). 
Atollidao (p. 322 ). 
Pelagiidae (p. 323 ). 
CyanuiMdao (p. 324 ). 
inmaridau (p. 324 ). 

Cassiopeidau (p. 324 ) 

Cuplicidao (p. 324 ) 

Rhizoatomatidao (}>. 325 ) ' 
Lyclmorhizidao (p. 325 ) 
Loptobraohiidao (p. 325 ) 

\ Catostylidae (p. 325 ) J 


Sub-Family. 

Amphicaryoninae 
(p. 306 ) 

Prayinae (p. 806 ) 
DcainT>phyinae 
(p. 807 ) ■ 
Stephanophyinae 
(p. ‘ 307 ) 

Qaloolarinao 
(p. 307 ) 
Diphyopsinae 
(p. 307 ) 
Abylinao 
(p. 307 ) ' 


[ Agalminae (p. 307 ). 
Apolominau (p. 307 ). 
Phyaophorinao 
L (p. 308 ). 


) = Arcadomyaria 
I (p. 324). 

1 --Kadiomyariu 
I (p- * 24 ). 

— Cyclomyaria 
(p. 825). 


Claw. 

Sub-Clast. 

Grade. 

Older. 


f 

f Frotoaloyonaoea / 

AHTHOZOA 


(p. 342) 

Stolonifera 
(P- 342) 

=AOTDIO- 

Aloyonarla ■ 

Bynal- 


\ »A 

(p. 829) 

eyonacaa- 

«M. n 

JW, 849, 826) 


(p. 842) 

Coenotheoalia 

! 

'■V i. 

- 

(p.3^4) ; 


Family. 


Comulariidao (p. 344). 
Clavulariidao (p. 344). 
Tubiporidae (p. 344). 
Favoniidae (p. 844). ■ 
Heliolitidae (p. 346). ‘ 
Helioporidae (p. 346). ' 
Cotemwidfu.(^ 846). . 


{Cm&mii.i* thi ms # ■■ 


Siiperpositae v , ■■■ 

(p. 307). Opiioaitaa (p^306). 




XIV 


; SCHEME OF .‘CLASSIFICATION 


Bub-Clau. 


Grade. 


ANTHO 

• ' ta- . ZOA 

f (eontd.) 


Aloyonaria 

[eontd. ) 


Synal- 

cyonacea 

[eontd. ) 


Order. 


Alcyonacea 
(p. 346) 


Gorgonncen ] 
(p. 350) ' 


Pcnna- 
tulacea 
(p. m) 


Bub-Order. . itraily. . 

f Xeniidae (p. 348 j: . 

Telestidae *(p. 848). 
Coelogorgiiaae 

(p. 349V 

Alcyoniidae (p. 349 j. 
Nephthyidae 
.(u. 349). . 

Siphonogorgiidae ■ 
l (p. 349). .. 

f Biiaroidae (p. 360). . 

1 Sclurogorgiidaft 
(p. 361). 

Mefitodidao (p. 861). 
Coralliidae (p. 362). 
Isidae (p. 863). 
Primnoidae (p. r 354). 
Chryaogorgiidae 
(p. 365). , 

Muncfddao (p. 356). 
Ploxauridae (p. 350). 
Gorgoniidae (p. 356). 
Gorgouellidae ' . 
L (p. 8ft7). ’ , 

•ididaa 


Psoudaxonia 
(p. 360) <1 


Axifera 
(p. 353) 


J’ennatuleae 

(p.861). ] 


Spicatae 
(p. 362) 


Verticilladeao 
(p. 363) 
Reuilloae 
(ft 368) 
Vcretilleae 
(p. 364) 


(pp.829 f 

365) 


Edward siidea 
(p. 375) 


Actiniaria 

(p.377) 


Aotiniina 
(p. 380) 


f Ptcroeidid 
(p. 301). 

Ponnatulidae 
(p. 361). 

Yirgulariidae ’ 

(p. 362). 

( Pimiculinidae ‘ 

(p. 302). 

Anthoptilidae- 
(p. 362). 

Kophobelemnonidae 
(p. 302). 

Unibellulidae 
(p. 302). 


| Benillidae ^ 363)^ ' . 


f Edwardaiidae ■ 

Protan Jheidafl 
(p. v 87?). ■ 
Haloompidae' 

(p. 380). 

Aotiniidae (p. Sfljii 

SagaTtiidaer.-; * 

(p. Ml). .. .. „ 
Aliciidaqjp. JW)^; 
PhylUemwe ■ * 

tfSSPR 
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SCHEME Of CLASSIFICATION 


ANTHOZOA 

{conttl . ) 


Actiniaria 
{contd. ) 


I Stichodacty- 
• lina 
I (p. 388) 


Entocnemaria 
(p. 394) 


| Zoantharta 

[coM.) 


Madrcporaria 
(p. 384) : 


Zoantlridea 
(p. 404) 

Antipatliidea 
= Anti- 
patharia 
(p. 407) 

Ccnanthidoa 
l (p. 409). 

OTENOPHOBA (p. 412). 


CycloRiiemaria 
(p. 397) 


“ JStanliy. . . 

F CoMllimdriihidae = 

(p. 388). ' 

Discoaomatidae (p,. 8&3K «'. 
Rkodactiflae (p. 889)^ 
Thalassianthiaae, ' 1 A ' '■ 
(p» 388). ‘ - . 

CyaihopkylHdae (p. 394). - 
Cyathaxoniidae (p. 994). 
Cystiphyllidae (p. 894)! 

/ Madroporidae (p. 895). V 
\ Foritiaao (p. 896). 
Turbinoliinae(p.398)'\ 
Oculinidiu; (p. 899) ' 
Astrueidae (p. 399) ' 

A. (lemnmiitca 
(p. 400) 

A. Fissiparantes 
(p. 400) 

Trochosmiliacoa . 
[Sub-Fain.] (p. 

401) 

- Pocilloporidae 
(p. 401) 
rioniofiingiidae 
(p. 403) 

Fungiidao (p. 403) 
Cyolosoridae 
. (p. 404) 

Flcsioporitidae 3 

(p. 404) 1 . i|. 

Eupaanimiidae "Jr- 
I (1^ 404) vtfdfcrfp 
f Zoanthidao (p. 4b4t£?^- 
\ Zaphrentidar. (p. 406). ' 

C Antipathidae (p. 408).' 

I Leiopathidae (p. 409). 

1 Dendrobrachiidae 


Cydlppidea (p. 417) 


TBHTAOULATA (p. 417) { Lobata (p. 418 y 




CutoldM (p. 420) 
PlatyetesM* .(1^421) 


Family. 

Martensiid&e (p. 417). 

• Callianiridae (p. 417). 
Plearobrachiidoo (p. 418), 
’ Lcaueuriidae (p. 419). 
Bolinidae (p. 419). 
Deiopeidae (p. 419). 
Eurbamphaeidae (p. 419). 
Eucharidae (p. 420). 

■ Mnemiidae (p. 420). ' ! 
Calymmidae (p. 420). 

. Ooyroiaae (p. 420). . 
Cestldae (p. 420). ' 

/ Ctenoplabidae (p. 41% 

\ Coelopla^ldae (p. . 

Beroidafe (p* 423). 


•(46* d) whMv:- :-(ao» •d) ■ 
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SCHEME OF CLASSIFICATION 


Sub-Phylum. Class. 


Aster- 

oidea 

(PP- 430, 
431) 


ELEU- ! 

THEBO 

ZOA 

(p. 430) 

Ophiur- 

oidea 

(Pl>. 431/, 
477- 


Echin- 

oidea 

(Pl>- 431, 
503) 


EOHINODERMATA (p. 425). 


Order. Hub-Order. Family. 


Spinulosa 

(IT- 4 f il, 
462) 


Velata 

(IT- 461, 
461) 

Paxillosa 


461 

466) 


Valvata 

( ]>p. 461. 
471) 


Forcipulata 

U»l». 462, 473) 


Streptophiurae 

fp. 401) 

Zygophiurae 

fpp. 494, 495} 


Cladophiurae 

pp. 401, 500) 


Endocydica 

(lip. 529, 530) 


' Eehinusti'ridao (p. 462). 
Solustoriduc (p. 462). 
Asterinidau (p. 463). 
Poruuiidao (p. 464). 
Gannriidae (p. 464). 

. Mithrodidao (p. 464). 

’ 1 ’yt bonus teridae (p. 464). 
Myxasteridao (p. 464). 
Pterastoridao (p. 466). 

’ ArcliAutoridac (p. 466). 
Astrurn'otinidao (i>. 467). 
Porucllaiiastcridae 
(p- '170). 

’ Linckiidae (p. 471). 

IVnt ngonastvridao 
(P- 471). 

Gyniiiastcridao (i». 471). 
Ant hi' licit luu (p. 471). 

, l’ciilat-crolidao (p. 471). 

' Asti-riidao (p. 173). 
Jlcliastoridao (p. 474). 
Zoroastvridau (p. 471). 
iStif liiistoridac (p. 474). 
lVdii-clliistcridac 
(p- 174). 

Hrisingidae (p. 474). 


” Opliiolcpididac (p. 495). 
Ainpliiuridae (p. 497). 
Opliiocomidao (p. 499). 
Opliiotliriridao (p. 499). 
AstroHuliomidac (p. 501). 
Trie-lias t or idac (p. 501). 
Kuryalidao (p. 501). 
(Mduridue (p. 533). 
Ei'hiuotliuriidao (p. 535). 
Salviiiid.'ie (p. 637). 
Arbaniidao (p. 538). 
Diadomatidao (]>. 538).. 


Echinidao (p. 539) 


Clype- 

aitroidea 

(j>p. 529, 
542) 


[ Protoclypeastroidcii 
(p. 548). 

‘ Fibularidae (p. 549). 
Echimint-hidae 
= Clypcastridae 
(p. 549). 

Jjagaiiidau (p. 549). 

L Scutellidac (p. 549). 


Euolyjie- 
astrnidoa 
(p. 549) 


Sub-Family. 


Tcmnu- 

plourinae 
(p. 589). 
Ecliiuinao 
(p. 539). 


(Continued on the next pat/e.) 
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tiub-l’hylum. Class. 


Echinoidea 

run hi. ) 


Onli'r. 


Spatangoidea 

lpp.520, 5411) 


Kamily. 

r Echinonidun (p. 55:)) 
Nut'loolidau (p. 554) 
Cassidulidao (p. 554) 
Aiiaiudiytidao (p. 554) 
Falueostomatidae 
(p. 554) 

Spataiigidao (p. 554) 
Hiissidai 1 . (p. 550) 

Archttcttfidtmthi' 


ELEU- 

THEROZOA 

(I'OUtd.) 


Holothuroidea 

(pp. 431, 550) 


r Aepidochirota 
ip. 570). 

Elasipoda 
(p. 571). 

Pelagothuriida 
(p. 572). 

Dendrochirota 
fp. 57*/;. 

Molpadiida 
(p. 575). 

Synaptida 
, (p. 575). 


PELMATO- 

ZOA 


(pp. 430, 570) 


Crinoidea 

(p. 580) 


Thkcmuka - 
JCliRlnASTliH- 
UlltKA 

(pp. 580. 500). 
Hakmidka 


IXAhlSATA 

ip. 505). 
Articulata 
(p. 505). 
I'AMKRATA 
i p. 505). 


(p. 557). 

Mf/nHitithif (p. 557). 
Tiarwhinithu' (p. 557). 
//nffU’t ff/ntit/rn. (p. 558). 
Et'lnnocmihltte (p. 558). 
CnHi/fitidae (p. 559). 


Hyncriiiidai 1 (p. 500). 
Itliizomnidac (p. 500). 
IViiturriiiidiu' (p. 501). 
II«)lo]HHlidai‘ (p. 502). 
CuinnUiIiduu (p. 504). 


(pp. 580, 500). 
' tJrsTuMKA 
(pp. 580, 507). 

lil.ASTUlhRA 

v (pp. 580, 500). 


I Astcrnata 
f (P. 564 ). 


| Stcrnata 
| (p. 554). 
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CHAPTER I 

PROTOZOA INTRODUCTION FUNCTIONS OF PROTOPLASM 

CELL-DIVISION — ANIMALS AND PLANTS 

The Free Amoeboid Cell. — If wp examine under the microscope 
a fragment of one of the higher animals or plants, we find in it 
a very complex structure. A careful study shows that it always 
consists of certain minute elements of fundamentally the same 
nature, which are combined or fused into “ tissues.” In plants, 
where these units of structure were first studied, and where they 
are easier to recognise, each tiny unit is usually enclosed in an 
envelope or wall of woody or papery material, so that the whole t 
plant is honeycombed. Each separate eavity was at first ealled a 
“cell"; and this term was then applied to the hounding wall, 
and finally to the unit of living matter within, the. envelope 
receiving the name of “cell-wall.” In this modern sense the 
“cell” consists of a viscid substance, called first in animals 
“ Barcode ” by .1 hijardin ( IStffi), and later in plants “ protoplasm ” 1 
by Von Molil (184G). On the recognition of its common nature 
in both kingdoms, largely due to Max Schultzc, the latter term 
prevailed ; aud it has passed from the vocabulary of biology into 
the domain of everyday life. AVe shall now examine the struc- 
ture and behaviour of protoplasm and of the cell as an introduc- 
tion to the detailed study of the Protozoa, or letter still Protista, 2 
the lowest types of liviug beings, and of Animals at large. 

1 For detailed studies of in'otoplasui see Deluge, Ht'r&lUj, 2nd ed. 190:3 ; 
Henneguy, Lemons mr la Cellule r, 1896 ; Verworu, tleneral Physiofoyy, English 
eu. 1899 : Wilson, The Cell in Development and Inheritance , 2nd od. 1900. All 
thedfe books contain full bibliographies. 

* *As we shall sec luter, it is by no means easy to separate sharply Protozoa aiul 
Protophyta, the lowest aniuiuls ami the lowest plants ; and therefore in our pre- 

3 
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It is not in detached fragments of the tissues of the higher- 
animals that wo can best carry on this study : for here the cells 
are in singularly close connexion witli their neighbours during 
life ; the proper appointed work of each is intimately related to 
that of the others; and this co-operation has so trained and 
specially modified e«ich cell that the artificial severance and 
isolation is detrimental to its well-l>eiiig, if not necessarily fatal 
to its very life. Again, in plants, the presence of a cell-wall 
interferes in many ways with the free behaviour of the cell. But 
in the blood and lymph of higher animals there' float isolated 
cells, the white corpuscles or “ leucocytes ” of human histology, 
which, despite their minuteness (1/3000 in. in diameter), are in 
many respects suitable objects. Further, in our waters, fresh or 
salt, we may find similar free-living individual cells, in many 
respects resembling the leucocytes, but oven better suited for our 
study. For, in the first place, we can far more readily reproduce 
under the microscope the normal conditions of their life; and, 
moreover, these free organisms are often many times larger than 
the leucocyte. Such free organisms are individual Protozoa, and 
arc called by the general term u Amoebae.” A large Amoeba may 
measure in its most contracted state 1/100 in. or 250 /i in 
diameter, 1 and some closely allied species ( Pdimy.cn- , see p. 52) 
even twelve times this amount. If we place an Amoeba oi\a 
leucocyte under the microscope (Fig. 1), wc shall find that its 
form, at first spherical, soon begins to alter. To confine our 
attention to the external changes, we note that the outline, from 
circular, soon becomes " island-shaped ” by the outgrowth of a 
promontory here, the indenting of a bay there. The promontory 
may enlarge into a peninsula, and thus grow until it becomes a 
new mainland, while the old mainland dwindles into a mere pro- 
montory, and is finally lost. In this way a crawling motion is 
effected. 2 The promontories are called u pseudopodia ” ( = “ false- . 

liminary survey to designate lowly forms of life, not formed of the aggregation of 
differentiated eel Is, wo shall employ tho useful term “Protista," introduced by 
Haeckel to designate such beings at large, without reference to this difficult problem 
of separation into animals and plants (sec also p. .‘15 f.). 

1 The “ micron, ” represented by the Greek letter /u, is 1/1000 mm., veiy nearly' 1 
1/25,000 of an inch, and is the unit of length commonly adopted for microscope 
measurements. 

8 A solid substratum is required, to which tho lower surface adhereB slightly : |h&t 
movement is complicated by a sort of rolling over of the upper surface, constantly . 
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feet ), and the general chararactfer of such motion is called 
" amoeboid.” V 

The living substance, protoplasm, 2 has been termed a “ jelly,” 
a word, however, that is quite inapplicable to it in itft living 
st&te. It is viscid, almost semi-fluid, and may well be compared 
to very soft dough which has already begun to rise. It resembles 


flu. l. — Aiiwim, showing clear ectoplasm, granular endoplasm, dark n Helens, nnd lighter 
contractile vacuole. The changes of form, a-J\ are of the A. linui.r type ; y, //. of 
the A . jirotniH type. (From Yerwnrn.) 

it in often having a number of spaces, small or large, filled with 
liquid (not gas). These are termed “ vacuoles ” or “ alveoles,” 
according to their greater or their lesser dimensions. In some 
cases a vacuole is traversed by strands of plasinie substance, just 
as we may find such strands stretching across the larger spaces 
vf a very light loaf ; but of course in the living cell these are 
constantly undergoing changes. If we “ fix ” a cell (/.<*. kill it by 

prolonging the front of the pseudopodium, while the material of the lower surface is 
brought up behind. ' H. 8. Jennings, Confr. to the Study and Behaviour of the Lower 
Organisms, 1904, pt. vi. p. 129 f., l( Thc Movements and Reactions of Amoeba." 

1 If the protoplasm contains visible granules, as it usually does, within a clear 
externa) layer, we see that these stream constantly forwards along the central axir 
dT each process as it forms, and backwards just within the clear layer all round, 
lil^ a fountain playing in a boll-jar. This motion is most marked when a new 
pseudopodium is put forth, and ceases when it has attained full dimensions. 

.■ 9 .We use as a corresponding adjective the term “plasmic.” * , . 
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sudden heat or certain chenlical coagulants;/ and examine it 
under the microscope, the intermediate substance between the 
vacuoles that we have already seen in life is again found either 
to be finely honeycoinl>ed or else resolved into a network like 
that of a sponge. The former structure is culled a “ foam ” or 
“ alveolar ” structure, the latter a “ reticulate ” structure. The 
alveoles are about 1 p in diameter, and spheroidal or polygonal 
by mutual contact, elongated, however, radially to any free 
surface, whether it be that of the eell itself or that of a larger 
alveole or vacuole. The inner layer ol* protoplasm (“ endo- 
plasm,” “ eudosurc ”) contains also granules of various nature, 
reserve matters of various kinds, oil-globules, and particles of 
mineral matter 2 * * * * * 8 which are waste products, and are culled 
“ excretory.” In fixed specimens these granules are seen to occupy 
the nodes of the network or of the alveoli, that is, the points 
where two or three boundaries meet. 1 * The outermost lay c er 
("ectoplasm” or “ ectosurc ”) appears* in the. live Amoeba struc- 
tureless and hyaline, even under conditions the most favourable 
for observation. The refractive index of protoplasm, when living, 
is always well under 1 '4, that of the fixed and dehydrated substance 
is slightly over 1 ’(i. 

Again, within the outer protoplasm is found a body of slightly 
higher refracLivity and of definite outline, termed the "nucleus” 
(Figs. I, '2'). This lias a definite " wall ” of plasmic nature, and a 
substance so closely resell idling the outer protoplasm in character, 
that we call it the “ nucleoplasm ” (also “linin”;, distinguishing 
the outer plasm as “ cytoplasm ” ; the term “ protoplasm ” including 
both. Within the nucleoplasm are granules of a substance that 
stains well with the commoner dyes, especially the "basic” ones, 
and which has hence been called “ chromatin.” The linin is 

1 For the study of the; slnioture of protoplasm under tlic microscope it is 

necessary to examine- it in very thin luyors, such us can for tin* most part be 

obtained only l»y mechanical methods (suction -cutting, eti*.). These methods, 

again, can only be applied to fixed specimens, for natural death is followed by 

rapid changes, and notably by softening, which makes the tissue less suitable for 
our methods. We further bring out and make obvious pre-existing differentiations 
of our specimens by various methods of staining with such dyes os logwood and 
cochineal and their derivatives, and coal-tar pigments (see also p. 11 n.). 

• * In many Protista these granules have beeu shown by Schewiakoff, in Z, trial! 

Zool. lvii. 1803, p. 32, to consist of a calcium phosphate, probably Ca 3 P 3 Og. • 

8 It is not always possible to toll how much of these structures represents 
what existed in life (see p. 11). 
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usually arranged in a distinct network, confluent into a “ parietal 
layer ” witliin the nuclear wall ; the meshes traversing a cavity 
full of^liquid, the nuclear sap, and containing in their course the 
granules; while, in the cavity are usually found one or tw<1 droplets 
of a denser substance termed “ nueleoles.” These diller slightly 
in composition from the chromatin granules 1 (see p. 24 f.). 

The movements of the leucocyte or Amoeba are usually 
most active at a temperature of about 4Q (-. or 100 R, the 
“optimum.” Tiny cease when the temperature falls to a point, 
the “ minimum/' varying with the 
organism, but never below freczing- 
]>oint ; they recommence when the 
tefllfwrature rises again to the same 
point at which they stopped. Jf now 
the temperature he raised to a certain 
i^nount above 40° they stop, but 
may recommence. if f lu 1 temperature, 
lias not exceeded a certain point, the. 

“ maximum ” (45 ' (\ is a common 
maximum). If it lias been raised to 
a still ‘higher point they will not 
recommence under any cine ustances 
whatever. 

Again, a slight, electric shock will 
determine, the. retraction of all pro- 
cesses, and a period of rest in k \ 
spherical condition. A milder shock 
will only arrest the movements. Ihit a stronger shock may 
arrest them permanently. We. may often note a relation of 
the movements towards a surface, tending to keep the Auiocha 
in contact with it, whether it he the surface of a solid or that 
of an air-bubble in the liquid (see also p. 20). 

' Tf a gentle current lie set up ill the water, we. find that the 
movements of the Amoeba are so co-ordinated that it moves up- 
stream ; this must of course lie of advantage in nature, as keeping 
the being in its place, against the streams set up by lurger 
creatures, etc. (see also p. 21). 

If substances soluble in water be introduced the Amoeba will, 

1 The chromatin and nueleoles are especially rich in phosphorus, probably in the 
combination liucleinic acid. 



showing tin 1 r.-iiliully stri.it. . I cell- 
liieinl >run tin* cytoplasm con- 
taining J Ik-^raiiulcs, tin* lnw 
n Helens ( 'rin ilia 1 vesicle), witli 
its iielw* v «»f liiiiu containing 
cl i r< mint ill granules, anil a large 
uueliMilt* (germinal spot.!. iPmiu 
liul four's timfoyitiiy/f/, after 
llertwitf. ! 
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as a rule, move away from the region of greater concentration 
for some substances, but towards it (provided it be not excessive) 
for others. (See also pp. 22, 23.) We find, indeed, that ^ere is 
for substances of tiie laLter category a minimum of concentration, 
below which no effect is seen, and a maximum beyond which 
further concentration repels. The easiest way to make such 
observations is to take up a little strong solution in a capillary 
tube sealed at the far end, and to introduce its open end into 
the water, and let the solution diffuse out, so that this end may 
be regarded as surrounded by zones of continuously decreasing 
■strength. In the process of inflammation (of a Higher Animal) 
it has been found that the white corpuscles .arc so attracted by 
the source of irritation that they creep out of the capillaries, '"Slid 
crowd towards it. 

We cannot imagine a piece of dough exhibiting any of these 
reactions, or the like of them; it can only move passively undqv 
the action of some one or other of the recognised physical forces, 
aud that only in direct qua niituHce relation to the work that 
such forces can effect; in other won Is, the dough cam have 
work clone cm it, but it cannot do work. The Amoeba or leu- 
cocyte/un the contrary does work. It moves under tlie^various 
circumstances by the transformation of some of its internal 
energy from the “ potential ” into the “ kinetic " state, the condi- 
tion corresponcliug.with this being essentially a lil>eration of heat 
or work, either by the breaking down of its internal substances, 
or by the combination of some of them -with oxygen. 1 Sucli 
of these changes us involve the excretion of carbonic acid arc 
termed “ respiratory/' 

This liberation of energy is the “ response " to an action of 
itself inadequate to produce it ; and Jims been compared not 
inaptly to the discharge of a cannon, where foot-tons of. energy 
are liberated in consequence of the pull of a few inch-grains on 
the trigger, or to an indefinitely small push which makes electric 
contact: the energy set free is that which was stored up in the 
charge. This capacity for liberating energy stored up within, 
in response to a relatively small impulse from without, is termed 
“irritability"; the external impulse is termed the “stimulus/^ 
.The responsive act has been termed “contractility," because it 
so often means an obvious contraction, but is better termed 
1 In chemical phrase the process in “ exothermic.” * 
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^motility”; and irritability evinced by motility is characteristic 
of all living beings save when in the temporary condition of* 
“rest/; * 

Again, in the case of the cannon, the gunner afte/ its dis-' 
charge has to replenish it for future action with a fresh cartridge ; 
the Amoeba or leucocyte can replenish itself — it “ feeds.” When 
it comes in contact with a fragment of suitable material, it 
enwraps it by its pseudopodia (Fig. 3), and its edges coalesce 
where they touch on the far side as completely as we can join up 
the edges of dough round the apple in a dumpling. Jt dissolves 
all that can be dissolved — u\ it “ digests ” it, and then ubsorbs 
the dissolved material into its substance, both to replace what 
it^ias lost by its previous activity and to supply fuel for future 



Fla. 3. — Amoi'lnt devouring n plimt coll ; four successive stages of ingestion. ■ 
(From Vurworn.) 


liberation of energy ; this process is termed “ nutrition,” and is 
another characteristic of living beings. 

Again, as a . second result of the nutrition, part of the food 
taken in goes to effect an increase of the living protoplasm, and 
that of every part, not merely of the surface — it is “ assimilated ” ; 
while the rest of the food is transformed into reserve^, or con- 
sumed and directly applied to the liberation of energy. The 
increase in bulk due to nutrition is thus twofold : part is the 
increase of the protoplasm itself — " assimilative growth,” part is 
the storage of reserves — “ accumulative growth ” : these reserves 
-being available in turn by digestion, whether for future true 
growth or for consumption to liberate energy for the work of, 

: the cell. 

. We can conceive that our cannon might have an automatic 
feed ^br the supply of fresh cartridges after each shot ; but not • 
tliat it could make provision for an increase of its own bulk, so 
as to gain in calibre and strength, nor eveg. for the restoration 


io 


PROTOZOA 


of its inner surface constantly worn away by the erosion of its 
discharges. Growth — and that growth “ interstitial,” operating 
at every point of the protoplasm, not merely at its surface — is 
a charucfcr of all living beings at some stage, though they may 
ultimately lose the capacity to grow. Nothing at all comparable 
to interstitial growth has been recognised in not-living matter. 1 

Again, when an Amoeba has grown to a certain size, its 
nucleus divides into two nuclei, and its cytoplasmic body, as we 



Fill. 4. — Amnrht in successive stages of equal fission ; nucleus dark, con- 

tractile vacuole clear. (From Verworn, after F. 15. Schulze.) 

may term it, elongates, narrows in the middle so as to assume 
the shape of a dumb-bell or finger-biscuit, and the two halves, 
crawling in opposite directions, separate by the giving way of the 
connecting waist, forming two new Amoeban, each with its nucleus 
(Fig. 4). This is a process of “ reproduction ” ; the special case 
is one of “ equal fission ” or “ binary division.” The original 
cell is termed the “ mother,” with respect to the two new ones,^ 
and these are of course with respect to it the “ daughters,” and 

1 The growth of crystals is a mere superficial deposit, and 'cannot at all be 
identified with protoplasmic growtji. 
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“ sisters 11 to one another. We must hear in mind that in this 
self-sacrificing maternity the mother is resolved into her children, 
and her very existence is lost in their production. The above 
phenomena, mutability, motility, digestion, nutrition*, growth, 
reproduction, are all characteristic of living beings at some 
stage or other, though one or more may often be temporarily or 
permanently absent ; they are therefore culled “ vital processes.” 

If, oil the other hand, we violently compress the cell, if we 
pass a very Strong electric shock through it, or a strong con- 
tinuous current, or expose* it to a temperature much above 45 C., 
or to the action of certain chemical substances, such as strong 
acids or alkalies, or alcohol or corrosive sublimate, we find that 
ah these vital processes are arrested once and for alt ; hence- 
forward the cell is on a par with any not-living substance. 
Such a change is called “ death,” and the “ capacity for death ” 
js one of the most marked characters of living beings. This 
change is associated with changes in the mechanical and optical 
properties of the protoplasm, which loses its viscidity and Incomes 
opaque, having undergone a process of -solution ; for the water 
it contained is now 111*111 only mechanically in the interstices of 
a network, or in cavities of a honeycomb (as we have noted 
above, p. 5 ), while the.* solid forming the residuum has a refractive 
index of a little over 1 *(>. Therefore, it only regains its full 
transparency when the water is replaced by a' liquid of high 
refractive index, such as an essential oil or phenol. A similar 
change may be effected by pouring white of egg into boiling 
water or absolute alcohol, and is attended with the. same optical 
results. The study of the behaviour of coagulable colloids has 
been recently studied by Fischer and by Hardy, and has 
been of the utmost service in our interpretation of the 
microscopical appearances shown in biological specimens under 
the microscope . 1 

1 A. Boll os Lee, in Lis Micrnto mist's Vnde Meam, 1st ed. (188f>), pointed out 

that “ Clearing reagents are liquids whose primary function is to make microHcopjp 
preparations transparent by penetrating amongst the highly refractive elements of 
which the tissues are eonqtosed, having an index of refraction not greatly inferior 
i to that of the tissues to be cleared" (p. 218). We showed later ( 11 The State in 
which Water exists in Live Protoplasm," in Bcp. Brit. Aw. 1880, p. 045, and 
l fount. Boy . Micr. Soc. 1800, p. 441) that since the rofractivity of living proto- 
plasm is only 1*363-1*368, it follows that the water in the living protoplasm is in 
a state of perfect physical combination, like the water of a solution of gum [i*ead a 
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The death of the living being finds a certain analogy in the 
breaking up or the wearing out of a piece of machinery ; but in 
.no piece of machinery do we find the varied irritabilities, all 
; fconduciv£ to the well-being of the organism (under ordinary 
conditions), or the so-called “ automatic processes ” 1 that enable 
the living being to go through its characteristic functions, to 
grow, and as we shall see, even to turn conditions unfavourable 
for active life and growth to the ultimate weal of the species 
(see p. 32). At the same time, we fully recoghisc that for 
supplies of mutter and energy the organism, like the machine, 
depends absolutely on sources from without. The debtor and 
creditor sheet, in respect of matter and energy, can be proved to 
balance between the outside world and Higher Organisms with 
the utmost accuracy that our instruments can attain; and we 
infer that this holds for the Lower Organisms also. Many of 
the changes within the organism can be expressed in terms of 
chemistry and physics : but it is far more impossible to state 
them nil in such terms than it would be to describe a 
polyphase electrical installation in terms of dynamics and 
hydraulics. And so far at least we are justified in speaking of 
" vital forces.” 

The living substance of protoplasm contains a large quantity 
of water, at least two-thirds its mass, as we have seen, in a state 
of physical or loose chemical combination with solids : these on 
■ death yield proteids and nucleo-proteids. 2 The living protoplasm 

“ mucilage ”] or of a jelly. Now the phenomena, of protoplasmic motions as studied 
. in the Rhizopoda and in the vegetable coll, seem absolutely to preclude tho jelly 
supposition, and for these cases we must admit that living protoplasm is a viscid 
liquid whose refraetivity is probably the mean of the two constituents separated 
by death, the one solid, the other a watery solution : ami death is for us essentially 
a process of precipation (or better, “ desolation "). For further work on these 
. lines see Hardy ill Jnurn . Physinl. vol. xxiv. 1899, p. 158, and Fischer, Fixirung u. 

. Farbnng , 1900. 

1 In its originul use “ automatism 11 designates the continuous sequence and 
- combination of actions, without external interference, ]>crforiiied by complex machines 
^signed and made for s]»ecilic ends by intelligent beings : thus we speak correctly 
oT “ automatic Twill bearings " that tighten of themselves when they become loose ; 
hut even these cannot take up fresh steel and rodqnjsit it, either to replace the 
worn parts or to strengthen a tube thut is bending under a stress. 

a Proteids are organic compounds containing carbon, hydrogen, nitrogen, and 
oxygen, of which white of egg (albumen) is a familiar type. Niicleo- proteids art 
compounds of proteids with nucleinic acid, which in addition to the above elements 
contain phosphorus. 
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. haa an alkaline reaction, wliile the liquid in the larger vacuoles, 
at least, is acid, especially in Plant-cells. 1 

Metabolism. — The chemical processes that go on in tlie ] 
Organism are termed metabolic changes, and wer$ roughly 
divided by Gaskell into (1) “ anabolic," in which more complex 
and less stable substances are built up from less complex and 
. more stable ones with the absorption of energy; and (2) “cata- 
bolic” changes in which the reverse takes place. Anabolic 
processes, in all but the cells containing plastids or cliromato- 
phores (see p. 36) under the influence of light, necessarily imply 
the furnishing of energy by concurrent catabolic changes in the 
food or reserves, or in the protoplasm itself. 

, Again, we have divided anabolic processes into “ accumulative,” 
where the substances formed are merely reserves for the future 
use of the cell, and “ assimilative,” where the substances goto 
the building of the protoplasm itself, whether for the purpose of 
^growth or for that of repair. 

Catabolic processes may involve (1) the lucre breaking of 
complex substances into simpler ones, or (2) their combi nation 
with oxygen ; in either case waste products are formed, which 
may either be of service to the organism as “ secretions ” (like 
the bile in Higher Animals), or of no further use (like the urine). 
When nitrogenous substances break down in this way they give 
rise to “ excretions,” containing urea, urates, and allied substances ; 
other products of catabolism are carbon dioxide, waiter, and 
* mineral salts, such as sulphates, phosphates, carbonates, oxalates, 
etc., which if not insoluble must needs be removed promptly 
from the organism, mainy of them being injurious or even 
poisonous. The energy liberated by the protoplusm lacing derived 
through the breakdown of another part of the saimc or of the food- 

1 The specific gravity of living prftnplusm has been estimated by determining 
the density of a solution of gum in which certain Infusoria flout freely at any ‘ 
depth. It was found by the concurrent results of Julia B. Platt and Stephen 

WilUams (see Anicr. Natural, xxxiii. 1899, p. 31, xxxiv. 1900, p. 95) to lio from 
l'Oiyto 1*019, while the Metuzoon Hydra was found to give a density of only 1 *0095- 
to 1*0115. The difference of About 0'006, it is easy to show, is of the correct 11 order 
of magnitude," if we admit that the uutual substance of the Hydra has about the 
same specific gravity as the Infusorian, while the density of the whole is lightened . 
jbytthe watery contents of the internal cavity, etc. Jensen obtained a much higher 
^result for Farauwcium, using a solution of tho crystalloid substance, potassium* 
oarb&nate ; but it is almost certain that this would be readily absorbod by the 
oirganism, and so raise its density in the course of the exj»erinieiit. 
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materials or stored reserves, must give rise to waste products. 
The exchange of oxygen from without for carbonic acid formed 
within is termed “respiration,” and is distinguished from the 
mere removal of all other waste products called “excretion.” 
In the fresh-water Amoeba both these processes can be studied. 

Respiration , 1 or the interchange of gases, must, of course, take 
place all over the general surface, hut in addition it is combined 
in most fresh-water Protista with excretion in ail organ termed 
the “contractile ” or “ pulsatile vacuole” (Figs. 1, 4, etc.). This 
jMirticular vacuole is exceptional in its size and its constancy of 
position. At intervals, more or less regular, it is seen to con- 
tract, and to expel its contents through a pore ; at each contrac- 
tion it completely disappears, and reforms slowly, somethaes 
directly, sometimes by the appearance of a variable number of 
small “ formative ” vacuoles that run together, or as in Cilia ta, 
by the discharge into it of so-called “ feeding canals.” As this 
vacuole is filled by the water that diffuses through the substance* 
and when distended may reach one-third the diameter of the 
being, in the interval between two contractions an amount of 
water must have soaked in equal to one - twen ty-se vei l tl i the bulk 
of the animal, to be excreted witli whatever substances it lias 
taken up in solution, including, not only carbon dioxide, but 
also, it has been shown, nitrogenised waste matters allied to 
uric acid. 2 

That the due interchanges may take place between the cell 
and the surrounding medium, it is obvious that certain limits to 
the ratio between hulk and surface must exist, which are dis- 
turbed by growth, and which wc shall study hereafter (p. 23 f.). 

The Protista that live in water undergo a death by “ dilHu- 
ence ” or “ granular disintegration ” on being wounded, crushed, 
or sometimes ufter an excessive electric stimulation, or contact 
with alkalies or with acids too weak to coagulate them. In this 
process the protoplasm breaks up from the surface inwards into a 
mass of granules, the majority of which themselves finally dis- 
solve. If the injury be a local rupture of the external pellicle or 

1 Energy may lie derived from the mere fylittiny up of complex substances 
within the cell: when such a splitting involves the liberation of C0 2 the process 
is (niis-Jcalled 11 intramolecular respiration." 

2 A similar organ, but with cellular walls, is the bladder of the Rotifers and v , 
certain Plutyhelminthes, in connexion with their renal system (vol. ii. pp. 53, '199, 
and especially pp. 213-5). 
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cuticle, a vacuole forms at the point, grows and distends the over- 
lying cytoplasm, which finally ruptures : the wulls of the vacuole 
disintegrate ; and this goes on as above described. Ciliate Infusoria 
are especially liable to this disintegration process, ofteis termed 
“ diiHucnce,” which, repeatedly described by early observers, has 
recently been studied in detail by Verworn. Here we have death 
by " solution,” while in the “ fixing ” of protoplasm for microscopic 
processes we strive to ensure death by “ desolution,” so as to retain 
as much of the late living matter as possible. It would seem 
not improbable that the unusual contact with water determines 
the formation of a zymase that acts on the living substance itself. 

We have suggested 1 that one function of the contractile 
vacate, in naked fresh-water Protista, is to afford a regular means 
of dischuige of the water constantly taken up by the crystalloids 
in the protoplasm, and so to check the* tendency to form irregular 
disruptive vacuoles and death by diilluence. This is supported 
by the fact that in the holophytic. fresh-water Protista, as well 
as the Algae and Fungi, a contractile vacuole is present in the 
young naked* stage (zoospore), hut disappears as soon as an 
elastic cell-wall is formed to counterbalance by its tension the 
internal osmotic pressure. 

Digestion is always essentially a catabolic, process, both as 
regards the substance digested and the formation of the digesting 
substance by the protoplasm. Tin 1 digesting substance is termed 
a “ zymase ” or “ chemical ferment,” and is conjectural to be pro- 
duced by the partial breakdown of the protoplasm. In presence 
of suitable zymases, many substances are resolved into two or 
more new substances, often taking up the elements of water at 
the same time, and an* said to be “ dissociated ” or 11 hydrolysed” 
as the case* may be. Thus prnteid substances are converted into 
the very soluble substances, “proteoses” and ,c peptones,” often 
with the concurrent or ultimate formation of such relatively 
simple bodies as leucin, tyrosin, and other amines, etc.. Starch 
and glycogen are converted into dextrins and sugars ; fats are 
converted into fatty acids and glycerin. It is these products of 
digestion, and not the actual food-materials (save certain very 
simple sugars), that arc really taken up by the protoplasm, 
o 

' 9 l III Hep. Brit. Ass. 1888, ]». 714 ; Ann. May. Nat. Hist. (6), iii. 1889, ]i. 64. 
This view has been fully worked out, mainly on Ciliatns, by Deguii in Hut. Zeit . 
lxiii. Abt. 1. 1905. 
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whether for assimilation, for accumulation, or for the direct 
■ liberation of energy for the vital processes of the organism. 

Not only food from without, but also reserves formed and 
stored by the protoplasm itself, must be digested by some zymase 
before they can be utilised by the cell. In all cases of the 
utilisation of reserve matter that have been investigated, it has 
been found that a zymase is formed by the cell itself (or some- 
times, in complex organisms, by its neighbours) ; for, after killing 
the cell in which the process is going on by mechanical means 
6t by alcohol, the process’ of digestion cun be carried on in the 
laboratory. 1 The chief digestion of all the animal-feeding Protista 
is of the same type as in our own stomachs, known as “ peptic ” 
digestion : this involves the concurrent presence of an * v^id, 
and Le Dilutee and Miss Greenwood have found the contents 
of food-vacuoles, in which digestion is going on, to contain 
acid liquid. The ferment-pepsin itself lias been extracted by 
Krukenberg from the Myxomycete, “Flowers of tan” (Fulifjo 
varians, p. 92), and by Professor Augustus Dixon and the author 
from the gigantic multinucleate Amoeba, Pehmyxa jmlustris 
(p. 52). 2 The details of the preheusioii of food will be treated of 
under the several groups. 

; The two modes of Anabolism — true “ assimilation ” in the 
strictest sense and “ accumulation ” — may sometimes go on con- ‘ 
currently, a certain proportion of the food material going to the 
protoplasm, and the rest, after allowing for waste, beiug converted 
into reserves. 

Movements all demand catabolic changes, and we now pro- 
ceed to consider these in more detail. 

The movements of an Amoeboid 3 cell are of two kinds : 

" expansion,” leading to the formation and enlargement of out- 

1 Sue Hartog, “On Multiple Cell-division, as compared with bi-partition as 
Herbert Spencer's limit of growth," in. Rep. Brit . At w. 1896, p. 868; “On a 
Peptic Zymase in Young Embryos, " ibid. 1900, p. 786; “Some Problems of 
Reproduction," ii. Quart. Journ. A tier. Sci. xlvii. 1904, p. 683. 

2 “On the Digestive Ferment of a large Protozoon." Rep. Brit. Ass. 1893, p. 801. 

* Sec for studies of the movements of Protoplasm, Berthold, Protopiasfaia- 

mcchanik (1886) ; Biitschli, Investigations on Microscopic Foams and on Proto- 
plasm, English ed. 1894 ; Verworn, General Physiology, 1899; Le Dautec, La Matier^ 
Vicnnte, 1893?; and Jensen, “Unters. ueb. Proto plasmainechanik," in Arch. 

Phys. lxxxvii. 1901, p. 361 ; Davenport, Exjwrimsptal Morphology, i. 1897';- H. S7 
Jeiuiiugs, Gontr. etc. 1904. 
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growths, and " contraction,” leading to their diminution and dis- 
appearance within the general surface . 1 Expansion is probably 
due to the lessening of the surface-tension at the point of out- 
growth, contraction to the increase of surface-tension. Vcrworn 
regards these as due respectively to the combination of the 
oxygen in the medium with the protoplasm in diminishing sur- 
face-tension, and the effect of combination with substances from 
within, e 8 i>ccially from the nucleus in increasing it. Besides 
these external movements, there arc internal movements revealed 
by the contained granules, which stream freely in the more fluid 
interior. Those Protista that, while exhibiting 'unioeboid move- 
ments, have no clear external layer, such as the Radiolaria, F ora- 
mini&fri, Heliozoa, etc., present this streaming even at the 
surface, the granules travelling up and down the pscudopodia at 
a rate much greater than the movements of these organs them- 
selves. In this case the protoplasm is wetted by the medium, 
wfiich it is not where there is a clear outer layer : for that 
behaves like a greasy film. 

Motile organs. — Protoplasm often exhibits movements much 
more highly socialised than the simple expansion or retraction 
of processes, or the general change of form seen in Amoeba. If 
we imagine the activities of a cell concentrated on particular 
parts, we may well suppose that they would be at once more 
precise and more energetic than we see them in Amoeba or the 
leucocyte. I11 some free-swimming cells, such as the individual 
cells known as “ Flagelluta,” the reproductive cells of the lower 
Plants,** or the male cells (“ spermatozoa ”) of Plants as high as 
Ferns, and even of the Highest Animals, there is an extension of 
the cell into one or more elongated lash-like processes, termed 
“ flagella,” which, by beating the water in a reciprocating or a 
spiral rhythm, cause the cell to travel through it ; or, if the cell 
be attached, they produce currents in the water that bring food 
particles to the surface of the cell for ingestion. Such flagella 
may, indeed, be seen in some cases to be modified pseudopodia. 
In other cases part, or the whole, of the surface of the cell may 
be covered with regularly arranged short filuments of similar 
activity (termed “ cilia,” from their resemblance to a diminutive 
eyelash), which, however, instead of whirling round, bend sharply 
• 

1 The terms “ expansion f * and “ contraction ” refer only to the superficial area : 
it is very doubtful whether the volume alters during these changes. 

VOL. I C 
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down to the surfhce and slowly recover; the movement affects 
the cilia successively in a definite direction in waves, and pro- 
duces, like that of flagella, either locomotion of the cell or 
currents in the medium. We can best realise their action by 
recalling the waves of bending and recovery of the cornstalks in 
a wind-swept field ; if now the haulms of the corn executed these 
movements of themselves, they would determine in the air above 
a breeze -like motion in the direction of the waves (Fig. 5). 1 
Such cilia are not infrequent on those cells of even the Highest 
Animals that, like a mosaic, cover free surfaces (“epithelium cells ”). 
In ourselves such cells line, for instance, the windpipe. One 
group of the Protozoa, the “ Ciliata,” are, as their name implies, 
ciliated cells pure and simple. ^ 

The motions of cilia and of flagella are probably also due to 
changes of surface tension — alternately on one side and the other 



Flo. 5. — Motion of a vow of cilia, in profile. (From Verworn.) 


in the ciliurn, but passing round in circular succession in the 
flagellum, 2 giving rise to a conical rotation like that of a weighted 
string that is whirled round the head. This motion is, however, 
strongest at the thicker basal part, which assumes a spiral form 
like a corkscrew of few turns, while the thin lash at the tip may 
seem even to be quietly extended like the point of the corkscrew. 
If the tip of the flagellum adhere, as ' it sometimes does*to any 
object, the motions induce a jerking motion, which in this case is 
reciprocating, not rotatory. When the organism is free,, the 
flagellum is usually in advance, and the cell follows, rotating at 
the same time round its longitudinal axis; such an anterior 
flagellum, called a “ tractellum,” is the common form in Protista 
that possess a Hingle one (Figs. 29, 7, 8 ; 30, C). In the sperma- 
tozoa of Higher Animals (and some Sporozoa) the flagellum is. 
posterior, and is called a “ pulsellum.” 

The cilium or flagellum may often be traced a certain distance . 
into the substance of the cytoplasm to end in a dot of denge^, 

1 For discussions on the mechanism of ciliary action, see Schafer, Anz, 
xxiv. 1004, p. 407, xxvi. 1905, p. 517 ; Schuberg, Arch . Protist. vi. 1005, p. 86. 

> s Like the line of most rapid growth in a ciroumnutating plant-stem. 
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■' teadily^staining plasm, which corresponds to a “ ceiitrosome ” or 
centre of plasmic forces (see below, pp. 115, 121, 141); it has 
been .termed a “ blepharoplast.” 1 

Again, the cytoplasm may have differentiated in it • definite 
Streaks of specially contractile character ; such streaks within its 
, substance are called " myonemes ” ; they are, in fact, muscular 
fibrils, A “ muscle-cell,” in the Higher Animals, is one whose 
protoplasm is almost entirely so modified, with the exception of a 
small portion of granular cytoplasm investing the nucleus, and 
having mainly a nutritive function. 

Definite muscular fibrils in action shorten, and at the same 
time become thicker. It seems probable that they contain elon- 
gated vacuoles, and that the contents of these vary, so that 
when^they have an increased osmotic equivalent, the vacuoles 
absorb'water, enlarge, and tend to become more spherical, i.r. shorter 
aqfl thicker, and so the fibril shortens as a whole. The relaxation 
would be due to the diffusion outwards of the solution of the 
osinoticully iictive substances which induced expansion. 2 

The Motile Reactions of the Protozoa 3 require study from 
another point of view: they are either (1) " spontaneous ” or 
“ arbitrary,” as we may say, or (2) responsive to some stimulus. 
The latter kind we will take first, as they are characteristic of 
all free cells. The stimuli that induce movements of a responsive 
character are as follows : — (i.) mechanical : such as agitation and 
contact; (ii.) force of gravity, or centrifugal force; (iii.) 
currents in the water; (iv.) radiant energy (light); (v.) 
changes in the temperature of the medium; (vi.) electric 
currents through the medium ; (vii.) the presence of chemical 
SUBSTANCES in the medium. 

These, or some of them, may induce one of three different 
results, or a combination thereof: (1) a single movement or un 
arrest of motion ; (2) the assumption of a definite position ; (3) 
movement of a definite character or direction. 

. * 

1 A similar body lios at the centre to which the axial filaments of the radiating 
pSeudo podia of the Heliozoa converge, and might bo termed by parity a 
. “ podoplast " ; but 11 centrosonie " is a convenient general term to include all such 
bodies. It is clearly of nuclear origin in Trypanosovw (Fig. 39, p. 120). 

1 See for development of this view W. M'Dougall in Joum. Anat. Physiol . 
jsxici. 1897, pp. 410, 639. I frnt it forward in the first draft of this essay in 1894. 

' . ? The best general account is to bo found in Davenport, Experimental 
'Morphology, 1897. 
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(i.) Mechanical stimuli. — Any sudden touch with anotho: 
body tends to arrest all motion ; and if tho shock be protractea 
or severe, the retraction of tho pseudopodia follows. It is .to 
this reaction that we must ascribe the retracted condition of the 
pseudopodia of most Khizopods when tirst placed on the slide and 
covered for microscopic examination. Free-swimming Protista 
may, after hitting any body, either remain in contact with it, 
or else, after a pause, reverse their movement, turn over and swim 
directly away. This combination of movements is characteristic 
as a reaction of what we may term “ repellent ” stimuli in 
general. 1 Another mechanical reaction is that to continuous 
contact with a solid ; and the surface tilm of water, cither at the 
free surface or round an air-bubble, may play the part of a solid 
in exciting it ; we term it u thigmotaxy ” or “ stereotaxy.” When 
positive it determines a movement on to the surfiice, or a gliding 
movement along it, or merely the arrest of motion and prolongation 
of contact ; when negative , a contact is followed by the retreat of 
the being. Thus Paramecium (Fig. 55, p. 151) and many other 
Ciliates are led to aggregate about solid particles or masses of 
organic tldhris in the water, which indeed serve to supply their 
food. On contact, the cell ceases to move its cilia except those 
of the oral groove ; as these lash backwards, they hold the front 
end in close contact with the solid, at the same time provoking 
a backward stream down the groove, which may bring in minute 
particles from the mass. 

(ii.) Most living beings -arc aide to maintain their level in 
water by floating or crawling against Gravity, and they react 
in virtue of the same power against centrifugal force. This 
mode of irritability is termed (negative) " geotaxy ” or “ barotaxy.” 
We can estimate the power of resisting such force by means of a 
whirling machine, since when the acceleration is greater than 
the resistance stimulated thereby in the beings, they are 
passively sent to the sides of the vessel. The Flagellates, 
Eiiglena and Chlamydomonas , begin to migrate towards the 
centre when exposed to a centrifugal force about equal to ^ G 
(G = 32’2 feet or 982 cm. per second) ; they remain at the centre 
until the centrifugal force is increased to 8 6; above that thepr 
yield to the force, and are driven passively to the sides. The 
reaction ceases or is reversed at high temperatures. 

1 See Jennings in Woods Uoll . Biol . Led. 1899, p. 93. 
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(iii.) Rheotaxy. — This is the tendency to move against 
the stream in flowing water. It is shown by most Protists; and 
can be conveniently studied in the large amoeboid plusmodia 
of the Myxomycetes, which crawl against the stream along wet 
strips of filter paper, down which water is caused to How. Most 
animuls, even of the highest groups, tend to react in the same way ; 
the energetic swimming of Fishes up-stream being in marked 
contrast with their sluggishness the other way ; und every 
student of pond-life knows how small Crustacea and Rotifers, no 
less than Ciliates, swim away from the inrush of liquid into the 
dipping-tube, and so evade capture. (See Yol. 11. p. 21G.) 

(iv.) The movements of many Protozoa are affected greatly by 
Light. These movements have been distinguished into “ photo- 
patliic,” i,e. to or from the position of greatest luminosity; and 
"photobiotic” along the direct path of the rays. 1 Those Protozoa 
that contain a portion of their cytoplasm, known as a “ plastid ” or 
" chromatophorc ” (see pp. 36, 3U), coloured by a green or yellow 
pigment are usually “phototactic.” They mostly have at the 
anterior end a red pigment spot, which serves as an organ of sight, 
and is known as an “ eye-spot.” In diffused light of low intensity 
they do not exhibit this reaction, but in bright sunlight they 
rise to the surface and form there a green or yellow scum. 

Most of the colourless Protista are negatively photobiotic or 
photopathic ; but those which arc parasitic on the coloured ones 
are positively photobiotic, like their hosts. 

Here, as in the case of other stimuli, 2 the absolute intensity 
of the light is of importance: for as it increases from a low 
degree, different organisms in turn cease to be stimulated, and 

1 It is not always easy to distinguish these two classes of phenomena. 

2 Jennings, in his studies on Reactions to Stimuli in Unicellular Organisms 
(1809-1900), has shown that whatever he the nature of tint repellent stimulus, 
oheinical or mechanical or thermal, the reaction of Paramecium and many other 
Protista is always the same It swims backward a short distance, turns towards 
the aboral surface, and then having thus reversed swims on again in the new 
direction, front foremost as before. Apparent “positive toxics " arc often really 
negative ones ; for if the Paramecium be placed in water containing CO a it shows 
the reaction not on entering the part charged with this acid, lmt on passing away 
from it into purer water, so that it continually tends to turn back into the acid 
p»rt, while within it or in the water at a distance not yet charged it swims about 
irregularly. It appears due to this that the individuals become aggregated 
together, os they excrete this gas into the water. If a repellent substance diffuse 
towards the hinder end of a Paramecium , the response, instead of carrying it away, 
brings it into the region of greater concentration, and may thus kill it. 
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then are repelled instead of being attracted. The most active 
part*of the spectrum in determining reactions of movement are 
the violet and blue rays of wave-length between 40 /a/10 and 
49 /ll/10, while the warmer and less refractive half of the spectrum 
is inert save in so far os it determines changes in the tempera- 
' ture of the medium. 

(v.) The movements of many Protozoa are rendered sluggish 
by cold, and active by a rise of Temperature up to what we 
* may term the “ optimum ” ; the species becomes sluggish again 
as the temperuture continues to rise to a certain point wheh 
the movements are arrested, and the being is said to be in 
a state of “ heat-rigor.” Most Protozoa, again, tend to move in 
ail unequally heated medium to the position nearest to their 
respective optimum temperature. This is called " thermotaxy.”’ 
The temperature to which Amoeba is thermotactic is recorded as 
35° 0. (95° F.); that of Paramecium is 28° C. (82° F.). • 

(vi.) Most active Protozoa tend to take up a definite position 
in respect to a current of Electricity passing through the 
medium, and in the majority of cuscs, including most Cilia tea. 
Amoeba , and TracJiclomonas, they orient their long diameters 
in the direction of the lines of force and swim along these to 
assemble behind the cathode. The phenomenon’ is called 
“ galvanotaxy,” and this particular form is “ negative.” Ojpalina 
(Fig. 41, p. 1.23), however, and most Flagellates are "positively 
galvunotoctic,” and move towards the anode. H. H. Dale 1 hus 
shown that the phenomenon may be. possibly in reality a case 
of chemiotyxy, for the direction of motion varies with the 
nature and concentration of the medium. It would thus be a 
reaction to. the “ion” liberated in contact with the one or other 
extremity of the being. Induction shocks, as we have seen, if 
slight, arrest the movements of Protozoa, or if a little stronger 
determine movements of contraction; if of sufficient intensity 
they kill them. No observation seems to have been made on 
the behaviour of Protista in an electric field. A magnetic field 
-of the highest intensity appears to be indifferent to all Protista. 

(vii.) We have already referred to the effect of dissolved 
Chemical Substances present in the water. If the substange 
is in itself not harmful, and the effect varies with the concentra-^ 
tipn, we term the reaction one of “ tonotaxy,” which . combines 
1 “ Galvanotaxis and Cliemotaxis," Journ.^f Physiol . vol. xxvi. 1 900-1903, .p. 291. i: ' ■ 
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■Wth that of “ chemiotaxy ” for substances that in weak solution' 
• are attractive or repellent to the being. Paramecium, which feeds 
on bacteria, organisms of pfttrefoctioj^, is positively chemiotactic 
to solutions of carbon dioxide, and as it gives this off in its own 
respiration, it is attracted to its fellows. The special case of 
reaction to gases in solution is termed “ aerotaxy,” or “ pneumo- 
taxy," according as the gas is oxygen or carbon dioxide. We 
find that in this respect there are degrees, so that a mixed 
' culture of Flagellates in an organic infusion sorts itself out,,, 
under the cover, of a microscopic preparation, into zones, of 
distinct species, at different distances from the freely aerated 
edge, according to the demands of eucli species for oxygon and 
C0 2 respectively. 

Finally, we must note that the apparently “spontaneous 
movements ” of Protista cun hardly be explained as other than 
due either to external stimuli, such us we have just studied, or to 
. internal stimuli, the outcome of internal changes, such os fatigue, 
hunger, and the like. Of the latter kind are the movements that 
result in reproduction. 

Reproduction. — We have noted above that the growth of on 
organism wh ich retains its shape alters the ratio of the surface 
area to the whole volume, so necessary for the changes involved 
in life. For the volume of an organism varies ns the cube of 
any given diameter, whereas the surface varies with the square 
only. Without going into the arithmetical details, we may say 
that the ratio of surface to volume is lessened to roughly four-fifths 
of the original ratio when the cell doubles its bulk. As . 
Herbert Spencer and others liuve pointed out, this must reduce 
the activities of the cell, and the due ratio is restored by the 
division of the cell into two. 1 This accounts for what we must 
look on as the most primitive mode of reproduction, os it is the 
simplest, and which wo term “ fission ” at Spencer’s “ limit of 

1 Let ns take the case of a 1 -centimetre cube, growing to the efze of a 2-centimetro - 
cube. The superficial area of the 1 cm. cuho measures 6 sqnare centimetres, and 
its balk is 1 cubic centimetre. The superficial area of the 2-con tiinctrc cube 
measure 24 square centimetres, while its volume measures 8 cubic centimetres. 
Thus the larger cube has only 3 cm. sq. of surface to every cubic cm. of volume, - 
Instead of 6 ; in other words, the ratio of surface to volume has boen halved by. 

. growth ' Three successive bipartitions of the larger cube will divide it into eight 
' -separate 1 -centimetre cubes, each now possessing the original ratio of surface to 
■ volume. 
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growth.” Other modes of reproduction will he studied later 
(p. 30), after a more detailed inquiry into the structure of 
the nucleus and of its behaviour in cell-division. All cell- 
division «is accompanied by increased waste, and is consequently 
catabolic in character, though the anabolic growth of living 
protoplasm, at the expense of the internal reserves, may be 
concurrent therewith. 

Ckll-1 )ivision 

In ordinary cases of fission of an isolated cell the cell 
elongates, and as it does so, like other viscid bodies, contracts 
in the middle, which becomes drawn out into a thread, and 
finally gives way. In some cases {e.g. that of the Amoeba , Fig. 4) 
the nucleus previously undergoes a similar division by simple 
constriction, which is called direct or “amitotic” division. liufc 
usually the division of the nucleus prior to cell -division ea 
a more complex process, and involves the co-tqximtion of the 
cytoplasm ; and we must now study in detail the nucleus and its 
structure in “ rest ” and in fission. 1 

We have noted above (p. 6, Fig. 2) the structure of the 
so-called “resting nucleus,” 2 when the cell is discharging the 
ordinary functions of its own life, with its wall, network of liniu, 
chromatin-granules, and nuoleole or nucleolcs. The chromatin- 
grauules are most abundant at two periods in the life of the 
cell, (l) when it is young and lresh from division, and (2) at the 
term of its life, when it is itself preparing for division. In the 
interim they are fewer, smaller, find stain less intensely. In 
many Protista the whole or greater part of the chromatin is 
densely aggregated into a central “ nuclein-mass ” or hiryomme 

1 The* nucleus is regarded by some us equivalent to a central nervous organ for 
the cell ; by others, snub us G. Mann and Verworn, as the chief chemical centre of 
the cell, and notably the scat of tlio secretion of the zymases or ferments that play 
so iinportuiit a part in its life-work ; for it is found that a Protist deprived of its 
nucleus can execute its wonted movements, but cun neither digest nor grow. This 
conclusion may apjicar to he rather sweeping and premature, but wu have seen 
that the changes of surface tension are tins direct antecedents of the motions of 
the cytoplasm, wu know that such changes are induced by chemical changes ; and 
thus the nucleus — if it he the central laboratory to which such changes are 
ultimately due — would really in a certain sense he a directi vo centre. • 

- The term "resting" is very ill-chosen, for even superficial observation shops 
that the relative position and characters of the internal structures of such a nucleus 
arc constantly changing with the vital activities and functions of the cell. 
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suspended in the linin network (long regarded as a mere 




Fio. 6. — Changes in nucleus and cell in indirect (mitqtic) nuclear division. A, resting 
nucleus with two ceutriolcs 1 in single centrospliere (r ) ; B, centrospliere divided, 
spindle and two asters iu) forming ; C, reutrnsplieres separated, nuclear wall 
disappearing ; D, resolution of nucleus into chromosomes; E, mature plasmic 
spindle, with longitudinal fission of chromosomes ; F, chromosomes forming 
equatorial plate (ep) of spindle. (From Wilson.) 


nucleole). Such a nucleus is often termed a “ vesicular 
nucleus . 2 


1 The “ centriole ” is a minute, granule sometimes recognisable in the centre of the 
centrospliere, and undergoing fission in advance. But ccntrosonins are often found 
without a distinction into centrospliere and centriole, and there is much confusion 
-in*the use of the terms. 

9 For a detailed study of the nucleus in Protista, see Calkins in Arch. Prolintcrik , 
. yqL iL 1903. 
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When cell-division is about to take place the liniii, or ^t least ’ . 
the greater part of it, assumes the character of a number of . 
distinct threads, and the whole of the chromatin granules are - 
distributed at even distances along these (Fig. 6, A, B, C), 
bo as to appear like so many strings of beads. Each such 
thread is called a “chromosome.” Then each bead divides 

longitudinally into two. The thread flattens into a ribbon, edged 
by the two lines of chromatin beads. Finally, the ribbon splits 
longitudinally into two single threads of beads (Fig. 6, E). 
During these changes the nucleole or nucleoles diminish, or even 
disappear, as if they had contributed their matter to the growth of 
the chromatin proper. In Higher Animals and Plants the nuclear 
wall next disappears, and certain structures become obvious, 
especially in the cytoplasm of Metazoa. Two minute spheres of 
plasm (themselves often showing a concentric structure), the . 

centrosomes,” 1 which hitherto lay close together at the side of 
the nuclear wall, now separate ; but they remain connected by a 
spindle of clear plasmic threads (Fig. 6, B-E) which, as the 
centres diverge, comes to lie across the spot the nucleus occupied, 
and now the chromosomes lie about the equator of this spindle 
(Fig. 6, F). Moreover, the surrounding cytoplasm shows a radiat- 
. ing structure, diverging from the centrosome, so that spindle and 
external radiations together make up a “ strain-figure,” like that 
of the “ lines of force ” in relation to the poles of a magnet. Such 
we can demonstrate in a plane by spreading or shaking iron 
filings on a piece of paper above the poles of a magnet, or in 
space by suspending finely divided iron in a thick liquid, such as 
mucilage or glycerin, and bringing the vessel with the mixture 
into .a strong magnetic field ; 2 the latter mode has the advantage 

1 The origin of the centrosomes is a problem not yet certainly solved, if indeed 
it be susceptible of any universal solution. They are certainly absent in many 
plants ; and, on the other hand, structures which correspond to them often appear 
in mitotic divisions of Protista. In some cases the centrosomes are undoubtedly 
of nuclear origin, and }mlss out through the nuclear wall into the cytoplasm. 

9 Though the forces at work in the dividing cell are similar in their effects to 
such physical forces os magnetism, static electricity, and even capillarity, and . 
models utilising such physical forces have been devised to represent the strain- . ; * 
flguros of the cell, the cell forces are distinct from any known physical force. For ' 
discussions of the nature of the forces at work, with bibliographies, see Augft - 
Gallardo, Intcrprctacidn Dindmiea de la Divmdn Celular , 1902 ; Khumbler, fin . 
Arc]*. Entw. xvi. 1903, p. 470 ; Hartog, G.R. cxxxviii. 1904, p. 1525, and “On the^ 
Dual Force of the Dividing-cell," pt. i. Proc. Roy. Soc. 1905 B, lxxvi. p. 548.- . '■ 1 
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of enabling ns . to watch the changes in the distribution of the 
- lines under changing conditions or continued strain. 

The chromosomes are now completely split, each into its two 
' daughter-segments, which glide apart (Fig. 7, G, ep), Aftd pass 
each to its own pole of the spindle, stopping just short of the 




Fio. 7. — Completion of mitotic cull-division. O, splitting' of equatorial plate (ep ) ; H, 
recession of daughter chromosomes ; I, J, reconstitution of these into new nuclei, 
fission of the centriolcs and of the cytoplasm. if % Central fibres of spindle ; m, 
remains of old nucleole. (From Wilson.) 


centrosome (1). Thus, on the inuer side of either centrosome is 
found an aggregation of daughter-segments, each of which is 
j sister to one at the opposite pole, while the number at either 
pole is identical with that of the segments into which the old 
^nucleus had resolved itself at the outset. The daughter-segments 
shorten and thicken greatly os they diverge to the poles, and on 
their; arrival crowd close together. 

. A distinct wall now forms around the aggregated daughter- 
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chromosomes (J), so as to combine them into a nucleus for the 
daughter-cell. The reorganisation of the young nucleus certainly 
varies in different cases, and has l>een ill-studied, probably 
because *of the rapidity of the changes that take place. The 
cytoplasm now divides, either tapering into a “ waist ” which 
finally ruptures, or constricting by the deepening of a narrow 
annular groove so as to complete the formation and isolation of 
the daughter-cells. 

We might well compare the cell-division to the halving of a 
pumpkin or melon, of which the flesh as a whole is simply 
divided into two by a transverse cut, while the seeds and the 
cords that suspend them are each singly split to be divided 
evenly between the two halves of the fruit; the flesh would 
represent the cytoplasm, the cords the linin threads of the 
nucleus, and the seeds the chromatin granules. In this way 
the halving of the nucleus is much more complete a$d 
intimate than that of the cytoplasm; and this is tho reason 
why many biologists have been led to regard the nuclear seg- 
ments, and especially their chromatic granules, as the seat of the 
hereditary properties of the cell, properties which have to be 
equally transmitted on its fission to each daughter-cell. 1 But we 
must remember that the linin is also in great i>art used up in 
the formation of these segments, like the cords of our supposed 
melon ; and it is open to us to regard the halving in this 
intimate way of the “ linin ” as the essence of the process, and 
that of the chromatin as accessory, or even as only part of the 
necessary machinery of the process. The halving or direct 
splitting lengthwise of a viscid thread is a most dilticult problem 
from a physical point of view ; and it may well be that the 
chromatin granules have at least for a part of their function the 
facilitation of this process. If such be the case, we can easily 
understand the increase in number, uud size and staining power 
of these granules as ad 1 -division approaches, and their atrophy 
or partial disappearance during their long intervening periods of 
active cell life. Hence we hesitate to accept the views so 
commonly maintained that the chromatin represents a “germ- 

• 

1 See Th. lioveri, Jirycbnissc vcb, d. Knnstitution d. chromatiaehen Substanz dcs 
Zcllkcru* (1909), for the moat recent defence of this view. He lays, however (p. 2), 
far igore stress on the individuality of the segments themselves than on the actual 
chromatin material they contain. 
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plasm” or “idioplasm” of relatively great persistence, which 
gives the cell its own racial qualities. 1 

The process we have just examined is called “mitosis," 
" karyomitosis,” or “ karyokiuesis ” ; and the nucleus is> said to 
undergo “indirect” division, as compared to “direct” division 
by mere constriction. In an intermediate mode, common to 
many Protista, the nuclear wall persists throughout the whole 


m 



Fig. 8. — Fission with modified karyokiuesis in the Filo.se Rhizopod Kut/ly/ihu. A, out- 
growth of half of the cytoplasm, passage of .siliceous plates for young shell 
outwards ; B, completion of shell of second cell, formation of inlm-nuclear spindle ; 
C, D, further stages. (From Wilson, after SSchewiakolF.) 


process, though a spindle is constituted within, and chromosomes 
arc formed and split: the division of the nucleus takes place, 
however, by simple constriction, as seen in the Filose Iihizopod 
Uuglypha (Fig. 8). 

In many Sarcodina and some Sporozoa the nucleus gives off 
small fragments into the cytoplasm, or is resolved into them ; 

• 1 The fact that it is by mitotic division that the undifferentiated germ-cells 
produce the 11 differentiated" tissue-cells of the body of the highest animals, is 
again irreconcilable with such theories, whose chief advocates have been A. Weis- 
mann and his disciples. 
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they have been termed “ ohromidia " by R Hertwig. New 
nuclei inay be fqrmed by their growth and coalescence, the. 
. original nucleus sometimes disappearing more or less completely. 

In certain cases the division of the nucleus is not followed by 
that of the cytoplasm, so that a plurinucleate moss of protoplasm 
results: this is called an “ lipocyte ” ; and we find transitional 
forms between this and the uninucleate or true cell. Thus in 
one species of Amoeba ( A . hinucleata ) there are always two 
nuclei, which divide simultaneously to provide for the outfit of 
the daughter-cells on fission. Again, we find in some cases that 
similar multinucleate masses may be formed by the union of two 
or more cells by their cytoplasm only : such a union is termed 
“permanent plastogamy,” and the plurinucleate moss a “plas- 
modium.” 1 Here again we find intermediate forms between plas- 
modium and apocyte, for the nuclei of the former may divide and 
so increase in number, without division of the still growing 
mass. Both kinds of plurinucleate organisms are termed 
“ coenocytes ” without reference to their mode of origin. 

The rhythm of cell-life that we have just studied is called 
the “ Spencerian ” rhythm. Each cell in turn grows from half 
the bulk of its parent at the time it was formed to the full size 
of that parent, when it divides in its own turn. Best is rare, 
and assumed only when the cell is exposed to such unfavourable 
external conditions us starvation, drought, etc.; it has no necessary 
relation to fission. 

Multiple fission or brood-formation. — We may now turn to 
a new rhythm, in strong contrast to the former : a cell after 
having attained a size, often notably greater than its parents, 
divides: without any interval for growth, the daughter -cells 
again divide, and this may be repeated os many as ten times, 
or even more, so as to give rise to a number of small cells — 4, 
8, 16 — 10 24, 2 etc,, respectively. Such an assemblage of small 
cells sq formed is called a brood, and well deserves this name, 
for they never separate until the whole series of divisions is 
completed. By this process the number of individuals is rapidly. 


1 Temporary plastogamy is a process found in some Foraminifera, where two 
organisms unite by tlieir cytoplasms so that there can be complete blending of 
these, while the nuclei remain distinct : they ultimately separate again. -In thti 
conjugation of the Infusoria, the union of the cytoplasms is a temporary' 
plastogamy (see p. 148 f.). 

9 'See Figs. 9, 29, Si; 34, etc., pp. 54, 89, 95, 101. 



. increased, hence it has received the name of “ sporulation.” The ■' 
term spores is especially applied to the reproductive bfedies of 
Cryptogams, such as Mosses, Fungi, etc. : the resulting cells are . 

■ called “ spores,” “ zoospores ” if active (“ nmoebulae ” if provided 
with pseudopodia, “ flagellulae ” if flagellate), w aplanospores,” if 
motionlesa We prefer to call them by the general term “ brood- 
cells,” the original cell the “ brood-mother-cell,” and the process, 

. " multiple fission ” or “ brood-formation.” As noted, the brood- 
mother-cell usually attains an exceptionally lurge size, and it in 
most cases passes into a state of rest before entering on division : 
thus brood-formation is frequently the ultimate term of a long 
series of Spencerian divisions. Two contrasting periods of 
brood-formation may .occur in the life cycle of some beings, 

, notably the Sporozoa . 1 

Colonial union. — In certain cases, the brood-cells instead of 
separating remain together to form a “colony”; and this may 
emarge itself again by binary division of its individual cells at 
their limit of growth. Here, certain or all of the cells may 
(either after separation, or in their places) undergo brood- 
formation : such cells are often termed “ reproductive cells ” in 
contrast with the “ colonial cells.” , 

Some such colonial Protista must have been the starting- 
points for the Higher Animals and Plants ; probably apocytial 
Protista were the starting-points of the Fungi. In the Higher 
Animals and Plants, the spermatozoa and the oospheres (the male 
and female pairing-cells) are alike the offspring of brood-formation: 
and the coupled-cell (fertilised egg) starts its new life by 
segmentation, which is a brood-formation in which the cells do . 
* not separate, but remain in colonial union, to differentiate in 
due course into the tissue-cells of the organism. , 

Retarded brood -formation. — The nuclear divisions may 
alternate with cell-divisions, as above stated, or the former may be 


■ 1 One obvious effect of brood -formation is to augment rapidly tho ratio of 
superficial area to bulk: after only three divisions (p. 23, note) the ratio is 
doubled ; if the divisions be nine in succession so as to produce a brood of 512, the 
’ratio is increased eightfold, on the supposition that the figure is preserved. How- 
eve?, the brood -mother -cell is usually spherical, while zoospores are mostly 
; flongated, thus giving an additional increase to the surface, which we may 
.-Wrelate with that increased activity; so that they disseminate the species, 

- spreading far and wide, and justifying the name of “spore*' in its primitive sense 
:V(ftom the Greek ffwelpu — I scatter [seed]). 
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completed before the cytoplasm divides ; thus the brood-mother- 
cell becomes temporarily an apocyte, 1 which is then resolved 
simultaneously into the 1-nucleate brood-cells. 

A temporary apocytial condition is often passed through in 
the formation of the brood of cells by repeated divisions without 
any interval for enlargement ; for the nuclear divisions may go on 
more rapidly than those of the cytoplasm, or be completed before 
any cell-division takes place (Figs. 31, 34, 35, pp. 95, 101, 104), 
the nuclear process being “ accelerated ” or the cytoplastic being 
“ retarded,” whichever we prefer to say and to hold. Thus as 
many as thirty-two nuclei may have been formed by repeated 
binary subdivisions before any division of the cytoplasm takes 
place to resolve the apocyte into true 1 -nucleate cells. 

In ninny cases of brood- format ion the greater part of the food-supply of 
the hmod-inotlicr-ccll has been stored ns reserve-prod nets, which accumulate 
in quantity in the cell; this is notably seen in the ovum or egg of the 
Higher Animals, llow great such an accumulation may be is indeed mil 
Been in the enormous yolk of a bird’s egg, gorged as it were to repletion. 
When a cell 1ms entered on bucIi course of “ miserly ” conduct, it limy lose 
all power of drawing on its own supplies, and finally that of accumulating 
more, and passes into the shite of «■ rest.” To resume activity then? is needed 
either a change in the internal conditions — demanding the lapse of time — 
or in the external conditions, or in both. 3 We may call this resumption 
11 germination.” 

Very often in the study of a large and complex organism we are able to 
find processes in action on a large scale which, depending as they must do on 
the protoplasmic activities of its individual cells, reveal the nature of similar 
processes ill simple unicellular beings : such a clue to the utilisation of 
reserves by a cell which has gorged itself with them so as to pass into a state 
of rest is to he found in that common multicellular organism, the Potato. 
This stores- up reserves in its underground stems (tubers) ; if we plant these- 
immediately on the completion of their growth, they will not start at- once, 
even under what would outwardly seem to l>c most appropriate conditions.- 
A certain lapse of time is an essential factor for sprouting. It would appear 
that in the Potato the starch win only lxi digested by a definite ferment, which 
does not exist when it is dug, but which is only formed very slowly, and 
not at all until a certain time has supervened ; and that sprouting can only 

— r - 

1 This condition may bo protracted in the segmentation of the egg of certain 
Higher Animals, such as Pcripatus (Vol. V. p. 20). It is clearly only a secondary 
And derived condition. 

8 Tlic usual antecedent of change in the condition of the egg is “ fertilisation " — 
its conjugation with the sperm ; but this is not invariable ; and a transitory sojourn 
of certain marine eggs in a liquid containing other substances than sea-water ma^y 
induce the egg on its return to its native habitat tp segment and develop. This 
lias been mistenned “Chemical fertilisation,” discovered within the last six years 
by. Jacques Loeb, and already the subject of an enormous literature. 
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take place when soluble material has been provided in this way for the 
growth of the young shoots. We have also reason to believe that these 
ferments are only formed hv the degradation of the protoplasm itself. Now 

* obviously this degradation must be very slow in a resting organism ; and 
any external stimulus that will tcwl to protoplasmic activity will* thereby 
tend to form at the same time the digestive ferments and dissolve the stored 
supplies, to render them available lor the life -growth and reproduction of 
the lieing. We now see why inactive “ miserly ” cells so often pass into a 
resting state before dividing, and why they go on dividing again and again 
when once they re-enter upon an active life, the living protoplasm growing 
at the expense of the reserves . 1 liesting cells of this type occur of course 
only at relatively rare intervals in the animal -feeding Pfntuzoa, that- have to 
take into their sulistance the food they require for their growth and life- 
work, and cAiinot therefore store up much reserves. For they are constantly 
producing in the narrow compass of their body those very ferments that 
would dissolve the reserves when formed. Internal parasites and “sapro- 
phytes,” that is, beings which live on dead and decayed oiganic matter, on 
the other hand, live surrounded by a supply of dissolved food ; and rarely 
do we find larger cells, richer in reserves, than in the parasitic Sporozoa, which 
owe^heir name to the importance of Imxxl- format ion in their life-history. In 

■ Kadio] aria (p. 75 f.) a central capsule separates off an inner layer of protoplasm ; 

• tht* outer layer is the one in which digestion is performed, while the inner 
layer stores up reserves; and here brood- -formation appears to be the rule. 
But ttyj largest eells of all arc the eggs of the Metazoa, which in reality lead 
a parasitic life, being nurtured by the animal as a whole, and contributing 
nothing to the. welfare of it as an individual. Their activity is reduced to 
a minimum, and the consequent need for a high ratio of surface to volume, 
is also reduced, which accounts for their inordinate size. But directly the 
reserve materials are rendered available by the format ion of a digestive 
ferment, then protoplasmic growth takes place, ami the need for an extended 
surface is felt; cell-division follows cell -division witli scarcely nil interval in 
the process of segmentation. 

Syngamy . 2 — The essence of typical syngamy is, that two cells 
(“ pairing-cells” “gametes”) of the same species approach one 
another, ami fuse, cytoplasm with cytoplasm, and nucleus with 
nucleus, to form a new cell (“coupled-cell,” “zygote”). This process 
is called also “conjugation” or “cytogamv.” In Urn simplest 
cases the two cells arc equal and attract one another equally 
(“isogamy”), and have frequently the character of zoospores. 

In an intermediate type, the one cell is larger and mom 
sluggish (female), “ megagainete ” “ oogamete,” “ ensphere,” “ egg " ; 
the other smaller, more active (male), “ microgainete,” “ spermo- 
gafnete,” “ spermatozoon,” “ sperm ” ; and in the most specialised 

*•800 Htvrtog in flrp. Brit. Ass. 18%, p. 033, 1900, p. 786. 

a Commonly called “fertilisation," or “sexual union,” inadequate and mis- 
leading terms. 
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cases which prevail among the Higher Animals and Plants, trie* 
larger cell is motionless, and tlie smaller is active, ciliate, flagellate, ■ 
or amoel)oid: the coupled -cell or zygote is here termed the . 
** oosperm.” 1 It encysts immediately in most Protista except =, 
infusoria, Acvstosporidae, Haemosporidae, and Trypanosomatidae. 

As the size of the two gametes is so disproportionate in most, 
cuses that the oosphcrc may be millions of times bigger than the 
sperm, and the latter at its entrance into the oospliere entirely 
escape unaided vision, the term “ egg ” is applied in lax speech, 1 
both (1) to the female cell, and (2) to the oosperm, the latter . 
being distinguished as the “ fertilised egg/* a survival from the 
time when the union of two cells, as the essence of the process, 
was not understood. 

W« know that in many cases, and have a right to infer that in all, 
chcmiotaxy ]ilays an important part in attracting the pairing-cells to one 
another. In Mammals and Sauropsida there seems also to he a rhcotactic 
action of the cilia lining the oviducts, which work downwards, and so iifrluce 
the sperms to swim upwards to meet the ovum, a condition of things that 
was most, puzzling until the nature of rheotaxy was understood. A remark- 
able fact is that equal gametes rarely appear to lie attracted by members ol 
the same brood, though they are attracted by those of any other brood of the 
same species.- It may well be that each brood has its own characteristic 
secretion, or “smell,” as ii were, slightly dillercut from that of other broods, 
just as every dog has -his, so easily recognisable bv other dogs; ami that the 
cells only react to different “smells" to their own. Such a secretion from 
the surface of the female cell would lessen its surface tension, aud thereby 
reuder easier the jwnet ration of the sperm into it* substance. 

Asa rule, one. at least of the pair-cells is fresh from division, and it would ■ 
thus appear that the union of the nuclei is facilitated when one at least of 
them is a “ young” one. Of tlm final mechanism of the union of the nuclei, we ‘ 
know nothing : they may unite in any of the earlier phases of mitosis, or 
even in the “resting state.” A fibrillation of the cytoplasm during the. ' 
process, radiating around a centrosome or two centrosomes indicates a strained 
condition. 3 

1 For details see lfiirlog, “Some Problems of Reproduction,” Quart. Journ . Micr. 
Set. xxxiii. p. 1, xlvii. p. 583 ; und Ann. Biol. vol. iv. (1895) 1897 ; £. B. Wilson, 
Yves Deluge, and Henneguy (rcfcrcncos on p. 3, note) ; and for a singularly clear’ 
and full treatment of tho processes in Protozoa, Arnold Lang, Lrhrb. d . Vergl . 
Aunt.. 2nd ed. Lief. 2, “Protozoa,” 1900. 

- This phenomenon, which we have termed “exogamy,” is common in Proto- . 
phyta ; it has been clearly demonstrated by Schaudiim in Foraininifeni and the 
Lobose Rliizo|K)d Trickosphacrium (p. 53 f. Fig. 9), and by Pringslieim in the \ 
Volvocinc Pundorina (p. 128 f. Fig. 45). It is quite independent of the differentia-^ 
tion of binary sex. ft 

* Other modes of syngamy, such as karyogamy and plastogamy, we shall discuss i 
# below, pp. 09, 148; sue also p. 30. ■ * . ' l 
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„ . ■ Regeneration. — Finally, experiments have been made by 
. several observers as to the effects of removing parts of Protozoa, 
to see how fur regeneration can take place. The chief results 
are as follows : — 

■ 1. .A nucleated portion may regenerate completely, if of 
■sufficient size. Consequently, nmltinucleate forms, such as 
. Actino&phaerium (Holiozou, Fig. 19, p. 72), may be cut into a 
number of fragments, nml regenerate completely. In Ciliatu, such 
as Stcntar (Fig. 59, p. ICG), each fragment must possess a portion 
of the meganucleus, and at least one micronucleus (p. 145), and, 
moreover, must possess a certain minimum size. A lludiuluriuu 
■“central-capsule” (p. 75) with its endoplasm and nucleus may 
regenerate its ectoplasm, but the isolated ectoplasm being non- 
nucleate is doomed. A “ central capsule ” of one species introduced 
into the ectoplasm of another, closely allied, did well. All non- 
iiuclcu'te pieces .may exhibit characteristic movements, but appear 
unable to digest ; and they survive only a short time. 1 

“Animals” and “Plants” " 

Hitherto we have discussed the cell as if it were everywhere 
an organism that takes in food into its substance, the food being 
invariably “organic” material, formed by or for other cells; 
such nutrition is termed “ holozoic.” There are, however, limits to 
the possibilities in this direction, as there are to the lahlod 
capacities of the Scillouians of,, grilling their precarious liveli- 
hood by taking in one another’s washing. For part of the food 
material taken in in this way is applied to the supply of the 
energies of the cell, and is consequently split up or oxidised into 
simpler, more stable bodies, no longer fitted for food; and of the 
matter remaining to be utilised for building up the organism, a 
•certain proportion is always wasted in by-products. Clearly, 
then, the supply of food under such conditions is continually 
lessening in the universe, and we have to seek for a manufactory 
of food-material from inorganic materials : this is to be found in . 
those cells that are known os “ vegetal,” in the widest sense of 

x 1 See Gruber in Biol. Centralb. iv. p. 710, v. p. 137 (1884-6), in Her. Gen. Freiburg, 

1. ii* 1886-7 ; Verwom (reference on p. 16) ; F. R. Lillie in Jaunt. Morph, xii. 1806, 
p. 239 ; Nussbamn in Arch, miter. Anal, xxvi.1836, p. 486 ; Balhinni in ltecncil Zool. 
Suisse, v. 1888, in Zool. Anz. 1891, pp. 312, 323, in Arch. AILcroyr. iv. v. 1892-3. 
'jar Higher QrganismB especially sec T. II. Morgan, licycneratian, 1901. 
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the word. In this sense, vegetal nutrition is the utilisation of 
nitrogenous substances that are more simple than protcids or 
peptones, together with suitable organic carbon compounds, etc., 
to Imikl up protcids and protoplasm. The simplest of organisms 
with a vegetal nutrition are the Schizomyeetes, often spoken of 
loosely as “bacteria” or “ microbes,” in which the differentiation of 
cytoplasm and nucleus is not. clearly recognisable. Some, of these 
can build up their protcids from the free uucombiued nitrogen of 
the atmosphere, earhon dioxide, aiul inorganic salts, such us 
sulphates and phosphates. Hut the majority of vegetal feeders 
require the nitrogen to he combined at least in the form of a 
nitrate or an ammonium salt — nay, for growth in the dark, they 
require the carbon also to be present in some organic combination, 
such as a tartrate, a carbohydrate, etc. Acetates and oxalates, 
“aromatic” compounds 1 and nitriles arc rarely capable of being 
utilised, and indeed are often prejudicial to life. In many 
vegetal feeders certain portions of the protoplasm are special sen l, 
and have the power of forming a. green, yellow, or brown pig- 
ment ; these are called “ plastids ” or “ chromatophores.” They 
multiply hy constriction within the cell, displaying thereby 
a certain independent individuality. These plastids have in 
presence of light the extraordinary power of deoxidising carbon 
dioxide and water to form carbohydrates (or fats, etc.) and 
free oxygen ; and from these carbohydrates or fats, together with 
ammonium salts or nitrates, etc., the vegetal protoplasm at large 
can build up all necessary food matter. So that in presence of 
light of the right quality 2 and adequate intensity, such coloured 
vegetal beings have the capacity fur building up their bodies 
and reserves from purely inorganic materials. Coloured vegetal 
nutrition, then, is a process involving the absorption of energy ; 
the source from which this is derived in the bacteria being very 
obscure at present. Nutrition by means of coloured plastids is 

1 Whence t lu> antiseptic. ) hi wers of Mich aromatic alcohols as phenol and thymol, 
and acids as salicylic acid, etc., and their salts and esters. 

- Tim portion of the spectrum that is operative in 44 holophytic " nutrition is tlio 
red or less refrangible half, and notably those rays in the true red, which aro absorbed 
hy the green pigment chlorophyll, and so give a dark band in tile red of it* 
absorption spectrum. The more refrangible half of the speetrnm, ho active oil 
silver salts, that it is usually said to consist of “chemical rays," is nut fluty 
•inoperative, lmt lias a destructive action on the pigments themselves, axul 0 eveii 
on the protoplasm. Chlorophyll is present in all cases even when more or les* 
modified or masked by the accompaniment of other pigments. 



1 


ANIMALS AND PLANTS 


37 


distinguished as “ holophytic and that from lower substances, 
which, however, contain organically combined carbon, as “sapro- 
phytic,” for such are formed by the death and decomposition of 
liviiig l>eings. The third mode of nutrition (found in some 
bacteria) from wholly inorganic substances, including free nitrogen, 
has received no technical name. All three modes are included 
in the term “ autotrophic ” (self-nourishing). 

Vegetal feeders have a great, tendency to accumulate reserves 
in insoluble forms, such as starch, paramylum, and oil-globules 
on the one hand, and pyrenoids, proteid crystals, nleiironc granules 
on the other. 

When an animal-feeding cell encysts or surrounds itself 
with a continuous membrane, this is always of nitrogenous 
■composition, usually containing the glucosaniide “ chi tin.” The 
vegetal cell-wall, on the contrary, usually consists, at. least 
primarily, of the carbohydrate “ cellulose” — the vegetal cell being 
richly supplied with carbohydrate reserves, and drawing on them 
to supply the material lor its garment. This substance is what 
we are all familiar with in cotton or tissue-] Hiper. 

Again, not only is the vegetal cell very ready to surround 
itself with a cell-wall, hut its food -material, or rather, speaking 
accurately, the inorganic materials from which that food is to he. 
manufactured, may diffuse through this wall with scarcely any 
ditliculty. Such a cell can and does grow when encysted : it grows 
even more readily in this state, since none of its energies arc 
absorbed by the necessities of locomotion, etc. (Srowth leads, of 
course, to division : there is often an economy of wall-material by 
the formation of a more party-wall dividing the cavity of the old 
cell-wall at its limit of growth into two new cavities of equal 
size. Thus the division tends to form a colonial aggregate, 
which continues to grow in a motionless, and, so far, a “resting” 
state. We may call this “vegetative rest,” to distinguish it 
from “ absolute rest,” when all other life-processes (as well as 
motion) are reduced to a minimum or absolutely suspended. 

The cells of a plant colony art* usually connected by very 
fine threads of protoplasm, passing through minute pores where 
thg new party-wall is left incomplete after cell-division . 1 In 
a few plants, such as most Fungi, the cell -partitions urc 

1 Similarly, threads unite the cells of the colonial plant- Flagellate Volvo ar, 
passing through the thick gelatinous cell-wall (pp. 126-127, Fig. 44). 
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in abeyance for the most part, ami there is formed an apocyte 
with u continuous investment, sometimes, however, chambered at 
intervals by partitions between multinuclcute units of protoplasm. 
We started with a purely jthysiological consideration, and we 
have now arrived at a morphological distinction, very valid 
among higher organisms. 

■ Hum eh Plaxts consist of celts for the most jiart each 
isolated in its own cell-canity , save for the few slender threads of 
communication. 

II lull Eli Aximals consist of cells that arc rarely isolated in 
th is way, hut are mostly in mutual contact over the greater part of 
their surface. 

Again, Plants take in either food or else the material for 
food in solution through their surface, and only by diffusion 
through the cell-wall. Insectivorous Plants that have the power 
of capturing and .digesting insects have no real internal cavity. 
Animal-leediug Protista take in their food into the interior of 
their protoplasm and digest it therein, and the Metazoa have an 
internal cavity or stomach for the same purpose. Here again 
there an? exceptions in the case of certain interns 1 parasites, such 
as the Tapeworms and Acanthoceplmla (Yol. II. pp. 74, 1.74),. 
which have no stomachs, living as they do in the dissolved 
food-supplies of their hosts, but still possessing the general tissues 
and organs of Metazoa. 

Corresponding with the absence of mouth, and the absorption 
instead of the prehension of food, we find that the movements 
of plant-beings are limited. In the higher Plants, and many 
lower ones, the colonial organism is firmlv fixed or attached, and 
the movements of its parts are confined to flexions. These are 
produced by inequalities of growth; or by inequalities of temporary 
distension of cell-masses, due to the absorption of liquid into 
their vacuoles, while relaxation is effected by the cytoplasm and 
cell-wall becoming pervious to the. liquid. We find no case of a 
differentiation of the cytoplasm within the cell into definite 
muscular fibrils. In the lower Plants single naked motile cells dis- ■ 
seminate the species ; and the pairing-cells, or at least the mules, 
have the same motile character. In higher Cryptogams, Cycqjds, ■ 
and Ginkgo (the. Maiden-hair Tree), the sperms alone are free- 
* swimming ; and as we pass to Flowering Plants, the igigiafory • 
character of the male cells is restricted to the smallest limits,. 
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■‘^though never wholly absent. Intracellular movements of the 
■ protoplasm are, however, found in all Plants. 


In Plants we find no distinct nervous system formed of cells 
and differentiated from other tissues with centres and branches and 
sense-orguns. These are more or less obvious in all Metazoa, 
• traces being even found in the Sponges. 

We may then define Plants as beings which have the power 
of manufacturing true food-stuffs from lower chemical substances 
than proteids, often with the absorption of energy. They have 
the power of surrounding themselves with a cell-wall, usually of 
cellulose, and of growing and dividing freely in this state, in 
which animal-like clumgcs of form and locomotion are impossible ; 
their colonics are almost always fixed or floating ; free locomotion 
is only possible in the case of their naked reproductive cells, 
and is transitory even in these 1 . The movements of motile parts 
of complex plant-organisms are due to the changes in the osmotic 
powers of cells as a whole, and not to the contraction of 
differentiated fibrils in the cytoplasm of individual cells. Plants 
that can form carbohydrates with liberation of free oxygen have 
always definite plastids coloured with a lipoehromc 1 pigment, 
or else (in the*. Phyeoehromaccae) the whole plasma is so coloured. 
Solid food is never taken into the free plant-cell nor into an 
internal cavity in complex Plants. If, as in insectivorous Plants, 
it is digested and absorbed, it is always in contact with tin* 
morphological external surface. In the complex Plants apocytes 
and syneytes are rare — the cells being each invested with its own 
wall, and, at most, only communicating by minute threads with 
its neighbours. No trace of a central nervous system with 
differentiated connexions can he made out. 

Animals all require proteid food; their cyst-walls arc never 
formed of cellulose; their cells usually divide in the naked 
condition only, or if encysted, no secondary party-walls are 
formed between the daughter-cells to unite them into a vegetative 
.colquy. Their colonies are usually locomotive, or, if fixed, their 
parts largely retain their powers of relative motion, and am often 
pitovided on their free surfaces with cilia or llagella; and many 
cells have differentiated in their cytoplasm contractile muscular 
fibrils. Their food (except in a few parasitic groups) is always taken 

1 Pigments soluble in the ordinary solvent* of fats, such as ether benzol, 
chloroform, etc.* 
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into a distinct digestive cavity. A complex nervous system, of* 
many special cells, with branched prolongations interlacing or 
anastomosing, and uniting superficial sense-organs with internal 
centres, is universally developed in Metazoa. All Metazoa fulfil 
the above conditions. 

ihit when we turn to the Protozoa we find that many of the 
diameters evade us. There are some Dinoflagellates (see p. l.’iO) 
which have coloured plaslids, hut which dilVer in no other respect 
(even specific) from others that lack them: the former may have 
mouths which are fund ionless, t lie latter have functional mouths. 
Some colourless Flagellates are saprophytic and absorb nutritive 
liquids, such as decomposing infusions of organic matter, possibly 
free from all pmtoid constituents: while others, scarcely different, 
take in food after the fashion of Amoeha. Spornzoa in the 
persistence of the encysted stage are very plant-like, though 
they arc often intracellular and are parasitic in living Animals. 
Oil the other hand, the Infusoria for the most part answer to all 
the physiological characters of the Animal world, but are single 
cells, and by the very perfection of their structure, all due to 
plasmic not to cellular differentiation, show that they lie quite 
oil* the possible track of the origin of Metazoa, from Protozoa. 
Indeed, a strong natural line of demarcation lies between Metazoa 
and Protista. Of the Protozoa, certain groups, like the Foramini- 
fera and lladiolaria and tin 1 Ciliatc and Suctorial Infusoria are 
distinctly animal in thcii\clicmica1 activities or metabolism, their 
mode of nutrition, and their locomotive powers. When wo turn 
to the Proteomyxa, Mycetozoa, and the Flagellates we find that 
the distinction between these and the lower Fungi is by no 
means easy, the former passing, indeed, into true Fungi by the 
Oliytridieac, which it is impossible to separate sharply from those 
Flagellates and Proteomyxa which (’ienkowskv and Zopf have 
so accurately studied under the name of “ Monudinene.” Again, 
many of the coloured Flagellates can only (if at all) he dis- 
tinguished from Plants by the relatively greater prominence and 
duration of the, mobile, state, though classifiers are generally 
agreed in allotting to Plants those coloured Flagellates whieli in 
the resting state assume the form of multicellular or apocytial 
filaments or plates. m 

On these grounds we should agree with Haeckel in distinguish- 
ing the living world into the. Metazoa, or Higher Animals, which 
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=are sharply marked ofF; the Metupliytu, or Higher limits, which 
it is not. so easy to characterise, Imt which unite at least two or 
more vegetal characters ; and the. Protista, or organisms, whose 
differentiation is limited to that witliin the cell (or apocyle), and 
does not involve, the? cells as units of tissues. These* Protista, 
again, it is impossible to separate into animal and vegetal so 
sharply as to treat adequately of either group without including 
some of the other: thus it is that every text-hook on Zoology, 
like the present work, treats of certain Protophyta. The most 
unmistakably animal group of the Protista, the ('iliata, is, as we 
have seen, by the complex differentiation of its protoplasm, 
widely removed from the -Metazoa with their relatively simple 
cells but differentiated cell-groups and tissues. The line of 
probable origin of the Metazoa is to be sought, for Sponges at 
least, among the Choanollagcllatcs (pp. 121 f. 181 f.). 
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PROTOZOA (VOXTtXUEIi) : SPONTANEOUS GENERATION — - 
CHARACTERS OF PROTOZOA — CLASSIFICATION 

The Question of Spontaneous Generation 

From the first discovery of the Protozoa, their life- history has? 
been the subject of the highest interest : yet it is only within 
our own times that we can say that the questions of their 
origin and development have been thoroughly worked out. If 
animal or vegetable matter of any kind be macerated iii water, 
filtered, or even distilled, various forms of Protista make their 
appearance ; and frequently, as putrefaction advances, form after, 
form makes its appearance, becomes abundant, and Mien disappears 
to be replaced by other species. The questions suggested hy such 
phenomena are these: (1) Do the Protista arise spontaneously,, 
that is, by the direct organisation into living beings of the 
chemical substances present, as a crystal is organised from a 
solution : (2) Are the forms of the Protista constant from one 
generation to another, as are ordinary birds, beasts, and fishes ? 

The question of the “ spontaneous generation ” of the Protista 
was readily answered in the affirmative hy men who believed that 
Lice bred directly from the filth of .human skins and clothes ; 1 and 
that Blow-flics, to say nothing of Honey-bees, arose in rotten 
flesh : but the bold aphorism of Harvey “ omne vivuin ex ovo ” at 
onee gained the ear of the best-inspired men of science, and set 
them to work in search of the “eggs” that gave rise to the 
organisms of putrefaction. Redi (oh. 1699) showed that Blow- 
flies never arise save when other Blow-flies gain access to . meat 
and deposit their very visible eggs thereon. Leeuwenhoek, Hia 

1 AVc liuve ourselves had hard work to persuade intelligent men of fair general 
education, even belonging to a learned profession, that this is not the case. 
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contemporary, in the latter half of the seventeenth century 
adduced strong reasons for ascribing the origin of the organisms 
of putrefaction to invisible air-borne eggs. L. Joblot and II. 
Baker in the succeeding half-century investigated the matter, and 
showed that putrefaction was no necessary antecedent of the. 
appearance of these* beings: that, as well as being air-borne, the 
germs might sometimes have adhered to the materials used fur 
making the infusion ; and that no organisms were found if tli^. 
infusions were boiled long enough, and corked when still boiliug. 
These views wore strenuously opposed by Needham in England, by 
Wrisberg in Germany, and by Builbu, the great French naturalist 
and philosopher, whose genius, unballasted by an adeipiate know- 
ledge of facts, often played him sad tricks. Spallanzani made a 
detailed study of what we should now term the “ bionomical ” or 
“ oecological ” conditions of Protistic life and reproduction in a 
manner worthy of modern scientific research, and not attained by 
some who took the opposite side within living recollection. He 
showed that infusions kept sufficiently long at the boiling-point 
in hermetically sealed vessels developed no Protista*, life. As lie 
had shown that active Protists are killed at much lower 
temperatures, he inferred that the germs must have; much higher 
powers of resistance ; and, by modifying the details of his experi- 
ments, he was able to meet various objections of Needham. 

Despite this good work, the. advocates of spontaneous genera- 
tion were never really silenced; and the widespread lielief in the 
inconstancy of species in Protista added a certain amount of 
credibility to their cause. In 1845 Pineau put forward these 
views most strongly; and from 18 a 8 to 1804 they wore 
supported by the elder Pouchet. Louis Pasteur, who began 
life as a chemist, was led from a study of alcoholic fermentation 
to that of the organisms of fermentation and of putrefaction and 
disease. He showed that in infusions boiled sufficiently long 
and scaled while boiling, or kept at the boiling-point in a scaled 
vessel, no life manifested itself: objections raised cm the score of 
the lack of access of fresh air were met by the arrangement, so 
commonly used in “ pure cultures ” at the present day, of a flask 
\^ith a tube attached plugged with a little cotton-wool, or even 
merely bent repeatedly into a zigzag. The former attachment 
filtered off all germs or floating solid particles from the air, the 
latter brought about the settling of such particles in the elbows 
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or oil the sides of the tube: in neither case did living organisms 
appear, even after the lapse of mouths. Other observers suc- 
ceeded in showing that the forms and characters of species were 
as constant- as in Higher Animals ami Plants, allowing, of course, 
for such regular metamorphoses as occur in Insects, or niter- 
nations of generations paralleled in Tapeworms and Polypes. 
The regular sequences of such alternations and metamorphoses 
constitute, indeed, a strong support of the “ germ-theory” — the 
view that all Protista arise from pre-existing germs, ft. is to 
the Rev. W. II. Dallingcr and the late Dr. ('Iiarles Drysdale 
that we owe the first complete records of such complex life- 
histories in the Protozoa as are presented by the minute 
Flagellates which infest putrefying liquids (see below, p. 1 lb f.). 
The still lower Schizomycetes, the 11 microbes ” of common speech, 
have also hcen proved by the labours of Ferdinand Cohn, von 
Koch, and their numerous disciples, to have the same specific 
constancy in consecutive generations, as we no\\\ know, thanks 
to the methods lirst devised by Du I Jury for the study of Fungi, 
and improved and elaborated by von Koch and bis school of 
bacteriologists. 

And so to-day the principle " omne vivum cx rim" is 
universally accepted by men of science. Of the ultimate origin 
of organic, life from inorganic life we have not the faintest 
inkling. If it took place in the remote past, it. has not been 
accomplished to the knowledge of man in the. history of scientific 
experience, and does not seem likely to be fulfilled in the 
immediate or even in the proximate future. 1 
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Organisms of various metabolism , formed of a single rrl! or 
apoeyle., or of a colony of scarcely differentiated celts , whose organs 
are formed by differentiations of the protoplasm and its secretions 
and accretions; not composed, of differentiated multicellular tissues 
or organs? 

1 Dr. IT. Charlton Ihisti.in lias recently maintained a contrary thesis {TJjtc 
.Vif/nir (tin/ Ofhjin of Li riii ij MaUn\ 1000), but has adduced no evidence likely to 
convince nny 0110 familiar with the continuous life-study of the lower organism# 
s The tmns “organoid." “organella," have hcen introduced to designate a 
definite portion of a I’rotisl specialised for a definite function ; the term “organ” 
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This definition, us we have seen, excludes Metazoa (including 
Mcsozoa, Vol. II. p. 92) sliar]ily from Protozoa, but leaves an un- 
certain boundary oil the botanical side; and, as systcmatists 
share with nations the desire to extend their sphere of influence, 
we .shall here follow the lead of other zoologists and include many 
beings that every botanist would claim for his own realm. Our 
present knowledge of the Protozoa has indeed been largely 
extended by botanists, 1 while t he study of protoplasmic physiology 
has only passed, from their fostering care into the domain of 
General Jliology within the last decade. The study of the 
Protozoa is little more than two centuries old, dating from the 
school of microscopists of whom the Dutchman J^euwcnhoek is 
the chief representative : and we English may lei*] a just pride in 
the fact that his most important publications are to be found in 
the early records of our own 1 loyal Society. 

J laker, in the eighteenth century, and the younger AVallich, 
Carter, Dallinger and Drysdale, Archer, Saville Kent, Lankestcr, 
and Huxley, in the last half-century, are our most illustrious names. 
In France, doblot, almost as an amateur, like our own JJaker. 
nourished in the early part of the eighteenth century. Dujardin 
in the middle of the same 1 century by his study of protoplasm, or 
sareode as he termed it, did a great work in laying the founda- 
tions of our present ideas, while Ilalhiani, Georges Pouchct, 
Fabrc- Domergue, Maupas, Lcger, and Labbc in France 1 , have 
worthily continued and extended Hie Gallic traditions of exact 
observation and careful deduction. Otto Friedrich Muller, the 
Dane 1 , in the eighteenth century, was a pioneer in the 1 exact 
stmly and description of a large 1 number of forms of tlif.se*, 
as of either microscopic forms of life. The Swiss collaborators, 
Claparcele and Lachmaiin, in the mieldlc of the; nineteenth 
cemtury, aelelcd many facts and many descriptions; and illus- 
trated them by most valuable figures of the 1 highest merit 
from every point of view. Germany, with lieu 1 large population 
of students and her numerous universities, has given many names 
to our list; among these, Ehremberg nnel von Stein have added 

being reserved for a similarly specialised group of cells or Issues in a Mctazoon or 
Alctaphyte: We. do not consider lliat this distinction warrants the introduction of 
new words into the terminology of gcuerul Zoology, however convenient those: may 
bc»in an essay on the particular question involved. 

1 This has been especially the. case with the Klagcllata, the l’rotcomyxa, and 
the Myeetozoa. 
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the largest number of species to the roll. Ehrenberg about 1840 
described, indeed, an enormous number of forms with much care, 
and in detail far too elaborate for the powers of the microscope 
of that date: so that lie was led into errors, many and grave, 
which In*, never admitted down to the close of a long and honoured 
life. .Mux Schnitzel did much good work on the Protozoa, as well 
as on the tissues of the Metazoa, and largely advanced our con- 
ceptions of protoplasm. His work was continued in Germany by 
Ernst Haeckel, who systematised our knowledge of the Radiolaria, 
Greelf, Richard Hertwig, Fritz Scliaudinn, and especially Uutschli, 
who contributed to Promt's Thicr- Reich a monograph of monu- 
mental conception and scope, and of admirable execution, on 
which we have freely drawn. Cienkuwsky, a .Russian, and .Jamos- 
(Jlark and Uiidy, both Americans, have made contributions of 
high quality. 

Lankcstcr's article in the Eneydopadia Britan nica- was r of 
•epoch-making quality in its philosophical breadth of thought. 

Deluge and Hcrouard have given a full account of the Vrotozoa 
in their Traifti de Zonlot/ie Concrete, vol. i. ( L89G) ; and A. Lang's 
monograph in his Vcnjlcichcndc Anatomic , 2nd ed. ( 11)01), contains 
an admirable analysis of their general structure, habits, and life- 
cycles, together with full descriptions of well -selected types. 
Calkins has monographed “The Protozoa” in the Columbia 
University Biological series (1001). These works of Iliilschli, 
Delage, Lang, and Calkins cob tain full bibliographies. Dotlcin 
has published a most valuable systematic, review of the Protozoa 
parasitic on animals under the title Die Protozoal ala Paraaiten 
and I\ ra nkh c. i txermjcr ( L 00 1) ; and Sehaudinn’s Archie f iir 
Protixtcnhondc, commenced only four years ago, already forms 
an indispensable collection of facts and views. 

The protoplasm of the Protozoa (see p. 5 f.) varies greatly in 
consistency and in differentiation. Its outer layer may be 
granular and scarcely altered in Proteomyxa, the true Myxo- 
mycetcs, Eilosa, Heliozoa, Radiolaria, Foruminiferu, etc. ; it 
is clear and glassy in the IiObo.se Ehizopods and the Acrasieae; 
it is continuous with a linn but delicate superficial pellicle of 
membranous character in most Flagellates and Infusoria ; and this 
pellicle may again he consolidated and locally thickened in some 
members of both groups so as to form a coat of mail, even with . 
-definite spines and hardened polygonal plates ( Coleps , Fig.. 54, 
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^ y. 150). Again, it may form transitory or more or less permanent 
pseudopodia, 1 (1) blunt or tapering and distinct, with a hyaline 
outer layer, or (2) granular and pointed, radiating and more or 
less permanent, or (o) branching and fusing where lluy meet into 
networks or perforated membranes. Cilia or llagella are motile, 
thread-like processes of active protoplasm which perforate the 
pellicle; they may be combined into llutlencd platelets or linn 
rods, or transformed into coarse bristles or fine motionless sense- 

■ hairs. The skeletons of the Protozoa, foreign to the cytoplasm, 
will be treated of under the several groups. 

Most of the fresh-water and brackish forms (and some marine 
ones) possess one or more contractile vacuoles, often in relation 
to a more or less complex system of spaces or canals in Flagel- 
lates and Ciliates. 

The Geographical Distribution of Protozoa is remarkable for 
the wide, nay cosmopolitan, distribution of the terrestrial and 
fresfi- water forms;" they owe this to their power of forming 
<ysts, within which they resist drought, and can be disseminated 
as “ dust.” Very few of them can multiply at a temperature 
approaching freezing-point ; the lMnollagollates can, however, and 
therefore present; Alpine, and Arctic forms. Tin? majority breed 
most freely at summer temperatures ; and, occurring in small 
pools, can thus achieve their full development in such as arc 1 , 
heated by the sun during the long Arctic day as readily as in 
the Tropics, in infusions of decaying lnallcr, the first to appear 
are those that fecal on bacteria, the essential organisms of 
putrefaction. These, again, are quickly followed and preyed 
upon by carnivorous species, which prefer liquids less highly 
charged witli organic matters, and do not appear . until the 
liquid, hitherto cloudy, 1ms begun to clear. Thus we have 
rather to do with “ habitat ” than with “ geographical distri- 

1 Lang distinguishes “lolwpodia,” “ filopodia,” and “pscudopodia" according to 
their Torni, — blunt, tlircad-like, or anastomosing. In some cases the protoplasm 
shows a gliding motion ah a whole without any distinct psoudopodiuin, as in Amoeba 

■ Umax (Fig. 1, p. 6), and a pbcudupodiuni may pass into a thin, active flagellum, 
which is, however, glutinous and serves for the capture of prey : such often occurs 
in the Lobosa Podostoma and ArcuothrU , which are jiossibly two names for one 
jspecies or at least one genus ; and in many casus a slender psoudopodiuni may be 
' wffvcd freely. 

• * See Schewiakoff, 41 Ueb. d. Geograph. Verbreitung d. Susswasserprotozocn,” 
in Alton, Acad, St. Piter ch. ser. 7, xli. 1803, No. 8. His views apply to most 
.minute aquatic organisms— Animal, Vegetable, or Protistic. 
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bution” just as with the fresh-water Turbellaria and the Iiotiiera 
(vol. ii. pp. 4 f., 220 f.). We can distinguish in fresli-water, as in 
marine Protista, “ littoral ” species living near the bank, among 
the weeds; ‘‘plankton,” floating at or near the surface; “zonal” 
species dwelling at various depths ; and “ bottom-dwellers,” mostly 
“ limicolous” (or “sapropelic,” as Laulerhorii terms them), and to 
be found among the bottom ooze. Many species are “ epiphytic ” 
or “ epizoic” dwelling on plants or animals, and sometimes choice 
enough in their preference of a single genus or species as host. 
Olliers again are “ moss-dwellers,” living among the root-hairs, 
of mosses and the like, or even “terrestrial” and inhabiting 
damp earth. The Sporozoa are internal parasites of animals,, 
and so an; many Flagellates, while many Proteomyxa are 
parasitic, in plant-cells. The Jforaminilera (with the exception 
of most A 1 logrom idiaceae) are marine, and so are the Iladiolaria ; 
while most Hclio/.oa inhabit fresh water. Concerning the dis- 
tribution in time we shall speak under the last two groups, the 
only ones whose skeletons have, left fossil remains. 

Classification. — The classification of the. Protozoa is no easy 
task. We omit here, lor obvious reasons, the unmistakable 
Plant Protists that have a liolnphytic or saprophytic nutrition ; 
that are, with the exception of a short period of loeomotion in 
the young reproductive cells, permanently surrounded with a 
wall of cellulose or fungus-cellulose, and that multiply and grow 
freely in this encysted state : to these consequently we relegate 
the UiiYTMiUKAK, which are so closely allied to the Proteomyxa 
and the Phycomyectous Fungi ; and the Confcrvaceae, which in 
the resting state form tubular or flattened aggregates and 
are allied to the green Flagellates; besides the Sehizophyta. 
At the opposite pole stand the Tnfiisokia in the strict sense, 
with the must highly differentiated organisation found in our 
group, culminating in the possession of a nuclear apparatus with 
nuclei of two kinds, and exhibiting a peculiar form of conjugation,, 
in which the nuclear apparatus is reorganised. The SeOROZOA are ■ 
clearly marked off as parasites in living animals, which mostly 
begin life as sickle-shaped cells and have always at least two 
alternating modes of brood-lbrmatioiv, the first giving rise to 
aplanospores, wherein is formed the second brood of sickle- 
shaped, wriggling zoospores. The remainder, comprising the 
Sarcodina, or limzoronA in the old wide sense (including alL 
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that move by pseudopodia during the great part of their 
active life), and the Flauellata in the widest .sense, are 
not easy to split up; for many of the former have flagellate 
reproductive cells, and many of the latter can emit pscudopodia 
with or without the simultaneous retraction of their flagella. 
The IfADlOLAiiiA are well defined by the presence in the 
body plasm of a central capsule marking it off into a 
central and a peripheral portion, the former containing the 
nucleus, tin 1 latter emitting the pscudopodia. Again, on the. 
Other hand, we find that we can separate as Flaukllata in the 
strict sense the not very natural assemblage of those Protista 
that have flagella as their principle organs of movement or nutri- 
tion during the greater part of their active life. The remaining 
groups (which with the Iiadiolaria compose the Sarcodina of 
Biitschli), are the most difficult to treat. The limzopoDA, as we 
shall limit them, are naked or possess a simple shell, never of 
calcium carbonate, have pscudopodia that never radiate abundantly 
nor branch freely, nor coalesce to form plasmatic networks, mu 
possess an axial rod of firmer substance. The KoaA.MiMF.UiA 
have a shell, usually of calcium carbonate, their pscudopodia 
arc freely reticulated, at least towards the base. ; and (with the 
exception of a few simple forms) all are marine. The Mycktozoa 
are. clearly united by their tendency to aggregate more or less 
com pie tidy into complex vesting-groups (fructifications), and by 
reproducing by unicellular zoospores, ilagellate or amoeboid, which 
are not known to pair. The Hkliozoa resemble the iiadiolaria. 
in their fine radiating pscudopodia, hut have an axial filament 
always present in each, and lack the. central capsule; and are, for 
the most part, fresh- water forms. Finally, the 1’kotkomyxa 
forms a sort of lumber-room for beings which are intermediate 
tatween the Hcliozoa, Jihizopoda, and Flagellata, usually passing 
through an amoeboid stage, and for the most part rrpuodiicing by 
brood-fonnation. Zoospores that possess flagella arc certainly 
known to occur in some forms of Foramiiiifcru, Jihizopoda, 
lleliozoa, and Iiadiolaria, though not by any means in all of 
each group . 1 

1 ®eo E. R. Lankcster, art. “ Protozoa" in Etieyci. Brit. 9th od. (1885), reprinted 
with additions in “Zoological Articles." Wo cannot accept his primary division 
into Corticata and Oyninoinyxa, which would split up the Flagellata and mark oil' 
the Grcgarines from the other Sporozoa. 
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A. Pscudopodia the principal means of locomotion and feeding ; flagella 
absent or transitory . . . . . I. Sarcodina 

(L) Plastogumy only leading to an increase in size, never to the forma- 
tion of “ fructifications.” 

(a) Pseud opodia never freely coalescing into a network nor’ fine to 
the base ..... HhIZOPODA. 

(*) KiMoplasm clear, free from granules ; pscudopodia, usually 
blunt .... KmzoroDA Loisona 
(**) Krloplnsm finely granular ; pscudopodia slender, branching, 
bill not forming a network, pissing into the body by 
basal dilat utii nr . . Rhizopojja Kilos a 

(h) Pscudopodia brane.bing freely and coalescing to form networks; 
ectoplasm granular ; test usually calcareous or sandy 

POKAMINIKKRA 

(c) Pscudopodia tine to the very lues*; radiating, rarely coiilescing. 

(i.) Pscudopodia with a cent nil filament . Hemozoa 

' (ii.) Pseudo] »odia without, a eentral filament. 

i*) Body divided into a central and a peripheral part by a 
s 14 mitral capsule.” . . . Kamolahta 

(**) Podv without a central eajisule . Puotkomyxa 

(2) Cells aggregating or fusing into plasmodia before forming a complex 
41 fruclilic.it inn ” . .... Mycktozoa 

] 3 ‘ Cells usually moving by “euglenoid ” wriggling or by excretion of a trail 
of viscid matter; reproduction by alternating modes of hrond-forma- 
. tioiu rarely by Spencerian fission . . . II. Si'OROZOA 

Flngclft (rarely numerous) the chief or only means of motion and 
frilling ..... TTI. Flaoeliata 
D. Cilia the chief organs of motion, in the young stale at least; nuclei 
of two kinds .\ . . . .IV. Infi:koria 
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TUOTOZOA (COTMTAV/) : SAliCODINA 

I. Sarcodina. 

Protozoa performing most of their life-processes hy pscudopodia ; 
nucleus frequently giving off fragments* ( ckromidia ) which may 
playma. part in nuclear reconstitution on division; sometimes t 
brood-cells , 'which may be at first Jla yell ate ; hut never reproducing 
in the flagellate state. 1 2 * * * * * 


1. IilIIZOl'ODA 

Sarcodina of simple, form , whose pseudopodia nerer coalesce into 
networks (L),“ nor contain an axial filament (2), which commonly 
multiply by binary fission (3), though a brood formation may 
occur ; which may temporarily aggregate , or undergo temporally or 
permanent pi ast agamic union, but nerer to form largc.pl asm odia 
or complex fructifications as a prelude to spore-formation (4); test 
when present gelatinous , chitinuus , sandy , or siliceous, simple and 
l -chambered (5). 

Classification . 8 

1. Ectoplasm distinct, clear; pseiuloiKxlia blunt or tapering, but not branch- 
ing at tlie apex- ...... Loiuma 

Amoeba , A nett. ; Pdomyxa , Gre.eff ; Trirhosphaeri tun, A. Schncid. ; 
IHnaniocha, Leidy ; Amphizondla, Greeff; Centropyxis, Stein; A r cello, 


1 On this ground I have referred Paramoeba, G roe 11*, to the Cryptomonadineac. 

2 Differences (1) from Foraminifera ; (2) from Hdiozoa ; (3) from Protcomyxa 

and Sporozoa ; (4) from Alyicomycctcs ; (5) from many Foraminifera . 

^1 have not followed the usual classification into Gymnamoebaeand Thecamoobae, 

. according to the absence or presence of a test (perforated by one or more ojioiiingH; 
. in the active state, as such a test occurs in isolated genera of Elagellata and 

-Inftisoria, and doos net appear to have any great systematic importance. 

■ - ■■ i 

; Si 
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Eli r.; Dijlluyia, Lcdercq; Lecqaiturearia, Scldiunlierger ; Hyalnsjfhetria, 
Sttfin ; Quadntla , F. E. Soli.; Heleopera , Lc*idy ; roifostoma, Cl. and L. ; 
Arniothrix, Hallux. 

II. Ectoplasm uudiitcivntiated, containing moving granules ; pseudopodia 
branching freely towards the tips .... Filora 
Etojlypha, Duj. ; faulinrlla, Lauterb. ; Cypluxlrria , Schlunib. ; 
Uampawus, Leidv ; Ghlamydojihrijs, Cienk. ; Gromiti, Duj. = Hyalupux, 
M. Sell. 

Wc luive defined this group mainly by negative' characters, ns 
such are the only, means for their differentiation from the remain- 
ing Sarcodiua ; and indeed from .Flagellata, since in this group 
zoospores are sometimes formed which possess ilagella. More- 
over, indeed, in a few of this group (Potfoslorntt, ArcuothrLv), as 
in some lleliozoa, the flagellum or ilagella may persist or be 
reproduced side by side with the pseudopodia. The subdivision of 
.tbe. Rhizopoda is again a matter of great dillicully, the characters 
presented being so mixed up that it is hard to choose : however, 
the chanicter of the outer layer of the cytoplasm is perhajAs the 
i.-iost obvious to select. In Lohosa there is a clear layer of 
ectusf^Hiic.h appears to he of a greasy nature at its surface 
film, tfiVL'ilut it is liot wetted. In the Filosa, as in most other 
Sarcodiua, this film is absent, and the ectoplasm is not marked 
off from the endoplasm, and may have a granular surface. Corre- 
sponding to this, the pseudopodia of the lx)hosa are usually 
blunt, never branching and fraying out, as it were, at the tip, 
as in the Filosa; nay, in the normal movements of Amoeba lima* 
(Fig. 1, p. 5) the front of the cell forms one gigantic pseudopodium, 
which constantly glides forward. Apart from this distinction 
the two groups are parallel in almost every respect. 

There may be a single contractile vacuole, or a plurality ; or 
none, especially in marine and endoparasitic species. The nucleus 
may remain single or multiply without inducing fission, thus 
leading to apoeytial forms. It often gives off “ chromidiul ” 
fragments, which may play an important part in reproduction. 1 
In Amoeba hinucleata there are constantly two nuclei, both of which 
divide as an antecedent to fission, each giving a separate nucleus 
to either daughter-cell. Pelomyxa palustris , the giant of the group, 
attaining a diameter of 1'" (2 mm.), has very blunt pseudopodia, 
tin enormous liumlier of nuclei, and no contractile vacuole, though 

1 The significance of cliromidia in Sarcodina (first noted by Schaudinu in fora- 
minifrra) was fully recognised &pd generalised by R. Hertwig in Arch . Protist. 
i. 1902, p. 1. 
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it is a fresli-water dweller, living in the bottom ooze of ponds, 
etc., richly charged with organic debris. It is remarkable also 
for containing symbiotic bacteria, and brilliant vesicles witli a 
distinct membranous wall, containing a solution of glycogen. 1 
Few, if any, of the Filosa arts recorded as plurinudcur. 

The simplest hobos; i have no investment, nor indeed any 
distinction of front or back. In some forms of Amoeba, how- 
ever, the hinder part is more adhesive, and may assume the form 
of a sucker-like disc, or lie drawn into a tuft of short filaments 
or villi, to which particles adhere 1 .. Other species of I^obosa and 
all Filosa have a “ test,” or " theca,” />. an investment distinct 
from the outermost layer of the cell-body. The simplest cases 
aw those of Am phi zoned a, Dinamo elm, and Trich onph aervum , 
where this is gelatinous, and in the two former allows the passage 
of food particles through it into the body by mere sinkiiig.Jdn, 
likejihe protoplasm itself, closing again without a trace 
foration over the rupture. In Trich osphaeriu m (Fig. 0) the test ^ 
is perforated by numerous pores of constant position for the 
passage of the pseudopodia, closing when these are retracted; 
and in the “ A ” form of the species (see below) it is studded with 
radial spicules of magnesium carbonate. Elsewhere the test is 
more consistent anti possesses at least one aperture for the 
emission of pseudopodia and the reception of food ; to avoid con- 
fusion we call this opening not the month but the “pylome”: some 
Filosa have two symmetrically placed pylomes. "When the test is 
a mere pellicle, it may be recognised by Lite limitation of the 
pseudopodia to the one pylomic area. Hut the. shell is often hard. 
In Amelia (Fig. 10, (J), a form common among Hog-mosses and 
Confervas, it is chitinous and shagreened, circular, with a shelf 
running in like that of a diving-bell around the pylome: there 
aw two or more contractile vacuoles, and at least two nuclei. Like 
some other genera, it has the power of secreting carbonic acid 
gas in the form of minute bubbles in its cytoplasm, so us to 
enable it to float up to the surface of the water. The chitinous 
test shows minute hexagonal sculpturing, the expression of ver- 
tical partitions reaching from the inner to the outer layer. 

' Several genera have tests of siliceous or chitinous plates, 

• Stolfi iu Z. wiss. Zool. Ixviii. 1900, p. 625. Lilian Veley, however, gives reasons 
for regarding them as of proteid composition, J. Linn, Hoc, (Zoof.)xx ix. 1905, p. 371 f. 
They disappear when the Pclomyxa is starved or supplied with only proteid food.. 
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formed in the cytoplasm in the neighbourhood of the nucleus, 
and connected by ehitinons cement. Among these T Qundrula 
(Fig. 10, A) is Lobose, with square plates, Euglypka (Fig. 8, 



Fio. 9. — Tii(\hnsphnn\ m stebultfii. 1, Atlult of 11 A” form ; 2, its multiplication by 
fission mid g«iiin ntion ; -usolutiou into 1 -nucleate amoeboid zoospfirus ; 4, 
development (Iron zoospores of “ A ”) into "B” form (5) ; ti, its multiplication by 
fission and gemination ; 7, its resolution* after nuclear hipartitiou into minute 
2-llugellate zoospo m or (uxognmetes) ; 8, liberation of gametes ; 9, 10, more highly 
magnified pairing of gametes of different, origin ; 11, 12, zygot-c developing into 
“A" form. (After Schaiidinu.) 

p. 29), and Paulindla 1 are Fi lose, with hexagonal plates. In 
the latter they fire in five longitudinal rows, with a pentagonal . 
oral plate, perforated by the oval pylorne. In other geneyra 
again, such as Cyphotleria (Filosa), the plates are merely chiti- 

1 This genus contains two sausage -shaped, blueish -green plant ids, possibly sym- 
biotic Cyaiiophyccoiis Algae. 
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nous. 'Again, the shell may be encrusted with sand-grains derived 
directly from without, or from ingested particles, as shown in 
Cemtmpyxis, Dijflugut (Fig. 10, D), Hrfonjwra, and Campnscus 
when supplied with powdered glass instead of sand. The 
cement in IKJlugia is a sort of organic mortar, infiltrated 
with ferric oxide (more probably ferric hydrate). In Lmjvru- 
reima .yuntlis (formerly united with l)ijllnyvt') the test is formed 
of minute sausugc-shapcd 
granules, in which may be 
identified the partly dis- 
solved valves of Diatoms 
taken as food ; it is spir- 
ally twisted at the apex, 
as if it had enlarged after 
its first formation, a very 
rare occurrence in this 
group. The most frequent 
mode of fission in the tes- 
taceous Khizopods (Figs. 

8, 10) is what Scluiudinn 
aptly terms 11 hud-fission,” 
where half the 1 protoplasm 
protrudes and accumu- 
lates at the mouth of the 
shell, and remains till a 
test has formed for it, 
while the other half re- 
tains the test of the 
original animal. The 
materials for the shell, 
whether sand -granules or plates, pass from the depths of the 
original shell outwards into the naked cell, and through its cyto- 
plasm to the surface, where tfiey become connected by cementing 
matter into a continuous test. The nucleus now divides into two, 
one of which passes into the external animal; after this the two 
daughter-cells separate, the one with the old shell, the other, 
larger, with the new one. 

0 If two individuals of the shelled species undergo bud-fission 
in* close proximity, the offspring may partially coalesce, so that a 
monstrous shell is produced having two pylomes. 



Fw. 10.- T«*st- Waring Rlii/.o)>< «1». A, tjvudfvlu 
hi/iii iiicf I’ii'it : B. //ifnh^i/ti’iih ■ tutu ; C, . I ralfu 
m/i/uns ; D, Dijllnifiu juni/m iii.i. (Fiom Laud's 
( Vi/w jiuniti iv- . I nut mu if. ) 
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Reproduction by fission lias lieen clearly made out in most 
members of the group ; some of the multinueleate species often 
abstrict a portion, sometimes at several points simultaneously, 
so that fission here passes into budding 1 (Fig. 9, 2 , 6). 

Brood-division, either by resolution in the multinueleate 
species, or preceded by multiple nuclear division in the habitually 

1- nueleate, though presumably a necessary incident in the lile- 
history of every species, has only been seen, or at least thoroughly 
worked out, in a few cases, where it is usually preceded by 
encystment, and mostly by the extrusion into the cyst of any 
undigested matter.'- 

In Trichosphacriuni (Fig. 9) the cycle described by Schaudi 1111 
is very complex, and may be divided into two phases, which we 
may term the A and the B subcycles. The memliers of the A 
cycle life distinguished by the gelatinous investment being armed 
witli racial spicules, which are absent from the B form. The 
close of the A cycle is marked by the large multinueleate body 
resolving itself into amoeboid zoospores (3), which escape from 
the gelatinous test, and develop into the large multinueleate 
adults of the B form. These, like, the A form, may reproduce by 
fission or budding. At the term of growth, however, they 
retract their pseudopodia, expel the excreta, and multiply their 
nuclei by mitosis (7). Then the body is resolved into minute 

2- flagellate microzoospores (8), which are exoyamaus gametes, 
/>. they will only pair with similar zoospores from another 
cyst. The zygote (9-11) resulting from this conjugation is 
a minute amoeboid ; its nucleus divides repeatedly, a gelatinous 
test is formed within which the spicules appear, and so 
the A form is reconstituted. I 11 many of the test-bearing 
forms, whether Lobose or Filose, plastogamic unions occur, and 
the two nuclei may remain distinct, leading to pluriuuclcute 
monsters in their offspring by fission, or they may fuse and form 
a giant nucleus, a process which hits here 110 relation to normal 
syngamy, as it is not associated witli any marked change in the 
alternation of feeding and fission, etc. In Trirfiosphacrium also 
pluslogstinic unions between small individuals have for their only 
result the. increase of size, enabling the produce to deul with 

1 Sec Lautcrborii in Z. whs. Zool . lix. 1895, ]>p. 167, 537. 

a C. School lias seen Amoeba prole us produce a brood of 500-600 young 
amocbulae, which lie reared to full size (in Festschr.f. Kupffcr t 1899). 
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larger prey. Temporary cncystment in a “ hypnocyst ” is not 
infrequent in both naked and shelled species, and enables them 
to tide over drought and other unfavourable conditions. 

Hchnudinn lias discovered and worked out true synganiic 
processes, some bisexual, some exogenous, in several other lthizo- 
pods. In Chlamytlophrys sternum the pairing-cells are equal, 
and are formed by the aggregation of the. elironiidia into minute 
nuclei around which the greater part of the cytoplasm aggre- 
gates, while the old nucleus (with a little cytoplasm) is lost. 
These brood-cells are. 2 -flagellate pairing-cells, which are 
cxoganious: the zygote is a brown cyst; if this be swallowed by 
a mammal, the original Chtamytloph rys appears in its faeces. 1 

Centropyxis tirulmia, a species very common in mud or moss, 
allied to Dij/lugia, also forms a brood by aggregation around 
nuclei derived from elironiidia. The brood-cells are amoeboid* 
and secrete hemispherical shells like those of Arcrlla ; some lirst 
divide into four smaller ones, before secreting the shell. Pairing 
takes place between the large and the small forms; and the 
zygote encysts. Weeks or months afterwards the cyst opens 
and its contents creep out as a minute Centropyxis. Finally, 
Amoeba coti produces its zygote in a way recalling that of 
Actinospkucrium (pp. 7-3-TH, Fig. 21): the cell encysts; its 
nucleus divides, and each daughter divides again into two, which 
fuse reciprocally. Thus the cyst contains two zygote* nuclei. 
After a time each of these divides twice, so that the mature cyst 
contains eight nuclei. Probably when swallowed by another 
animal they liberate a brood of eight young amoebae. Thus in 
dillerent members of this group we have exogamy, both equal 
and bisexual, and endogamy. 

. Most of the Khizopoda live among filamentous Algae in 
pools, ponds, and- in shallow seas, etc.; some are “ sapropelic ” or 
mud-dwellers (many species of Amorim, Petowyva, J>ij/lvgia y etc.), 
others ‘ frequent the roots of mosses. Amorim rofi is often 
found, as a harmless denizen of the large intestine of man. 
Amoela histolytica , lately distinguished therefrom by Schau- 
dinn, is the cause of tropicul dysentery. It multiplies enormously 
in the gut, and is found extending into the tissues, and making 
its* way into the abscesses that so frequently supervene in the 
liver and other organs, Cli lamydoplmjs st error ea is found in the 
1 Arb. Kais . HcsundhcH samte Berlin , xix. 1903. 
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faeces of several mammals. The best monograph of this group 
. is that of Penard . 1 * 

2. Foraminifeua 2 

Sarc.odina with no central capsule or distinction of ectosarc; 
the pseudopodia fine, branching freely, and fusing where they meet 
to form pruhplasmic networks , or the outermost in the pelagic 
forms radiating , hut without a central or axial filament : some - 
times dimorphic , reproducing hy Jission and. by rhizopod or 
flagellate germs in the few cases thoroughly investigated : all marine 
( with the exception of some of the AHogromidiaceae ), and usually 
provided with a test of carbonate of lime (“ vitreous ” calcife , or 
“porcellanous” aragonite ?), or of cemented particles of sand 
(“ arenaceous ”) ; test-wall, continuous , or with the walls perforated 
'by minute, pores or interstices for the protrusion of pseudopodia. 

The- classification of Carpenter (into Vitreous or Perforate , 
Porcellanous or Imperforate , and Arenaceous ), according to the 
structure of the shell, had proved too artificial to be used hy 
Brady in the great Monograph of the .Foraininifera collected l>v the 
“Challenger” Expedition , 3 and lias been modified hy him and others 
since then. We reproduce Lister’s account of Brady’s classifica- 
tion . 4 * * * * * We must, however, warn the tyro that its characterisations 
are not definitions (a feature of all other recent systems), for rigid 
definitions are impossible. : here as in the case, for instance, of 
many Natural Orders of Plants, transitional forms making the 
establishment of absolute boundaries out of the question. * In 
the following classification we do not think it, therefore, necessary 
to complete the characterisations by noting the extremes of 
variation within the orders : — 

1. Allogromidiaceae : simple forms, often fresh -water and similar to Itliizo- 
poda ; test 0, or chitinous, gelatinous, or formed of cemented particles!; whether 
secreted platelets or ingested granules. J Homy xa, Leidy ■= Gymnophrys , , Cienk. ; 


1 Fawnc lihizoptnliqur tin. liOssin du Liman. 1002. Sec also Cash, The. British 

Freshwater Ilhizopotla and lleiioztta , vol. i., Kay Society, 1905. 

u Chapman, The Formxinifcra , London, 1002; Lister, “ For&niiniiora ” in Lan- 

kostcr's Treatise on Zdoloyy , pt. i. lose. 2, 1 903. 

:l Chalk nyrr Reports {Zool.), vol. ix. 1884. 

a 4 In Lankoster's Treat, Zool. pt. i. fasc. 1. For other classifications sec Elmer 

and Fickort in Z. triss. Zool. lxv. 1899 ; Rhumbler in Lang's Protozoa, 1901 ; 

and for a full synopsis of genera and spocics, 11 Systnmatischc Zusamiiiensjtollung 

der rocentcn Koticulosac " (pt. i. only), in Arch. I'rot. iii. 1903-4, p. 181. 
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Diaphorodon , Archer ; Alloyromia , Rhumbl. ( = Gramm, auctt. 1 nee Duj. 
(Fig. 14, 1) ; Licberkuhnw , Cl. and (Fig. 12) ; Microgrmuia , R. Hertw. 

(Fig. 11) ; Pampluigus, Bailey. 

2. Astrorhizidaceae : test arenaceous, often large, never truly c1iaml>crcd, 
or if bo, asymmetrical. Astrorhiza , Sandanl ; Haliphywma , Bowcrb. ; »SW- 
cammiva, M. Sars (Fig. 13, 1); Loftnxia , Brady. 

■3. Litunlidaccac : test- arenaceous, often symmetrical or regularly spiral, 
isomorphous with calcareous forms: the chambers when old often “labyrin- 
thine” by the ingrowth of wall -material. Lituula , I^am. ; Jtniphus, Montf. ; 
Am modi sens , Reus* ; Truchawmino , Parker and Jeffreys. 

4. Miliolidaceae : test pomdlanuus, imperforate, spirally coiled or cyclic, 
often chambered except in Cnrnwqn'ra : simple in Sqnanutlina, Corn nxpirti, 
Max Sell.; Penerojili*, Montf.; Miliolt'na , Lam. (incl. IHiuculina (Tig. ir>), 
Trilocidina , QuiuqudocuUna (Figs. 14,4; lfi, B), S pirolnndina (Fig. 13,5) 
of d’Orh); Almdina, d’Orb. ; Hauerina , d’Orb. ; Citin' tuba, Rolmz; OrhiUditt #, 
Lam. ; Orlnndina , Lam.; Alrrolina, Park, and Jcffr. ; Nobrcularia, Def. ; 
Squam iilina, -Max Sell. (Fig. 14, 3). 

5. Text-ulariaceae : test calcareous, hyaline, perforated ; chandlers increasing 
in size in two alternating rows, or three, or passing into a spiral. Ti\d ularia, 
Def. ; ftylimina, d’Orb. ; Ca suit/ id inn, d’Orb. 

6. Cheilostoimdlaceae : test vitreous, delicate, finely perforated, chambered, 
isomorphic with the spiral forms of the Miliolidaceae. Ghrilustowella, Reuss 

7. Lagenaceae : Test vitreous, very finely perforate, chambers with ' a 
distinct pylome projecting (cctoselonial), or turned in (enlosolenial), often 
succeeding to form a necklace-1 i ke shell. Lat/emi, Walker and Boys (Fig. 1 3, 2) ; 
Nudum rid, Lam. (Fig. 13, 3;; Cristdlaria , Lam.; Frondirnlttria , Def. (Fig. 
13,4); Poly morph ina, Lam.; Famuli im , Wright. 

8. Globigerinidae : test vitreous, perforate; chandlers few, dilated, and 
arranged in a Hat or conical spiral, usually with a crescentic pylome to 
the. lust. Glvbitjcrina d’Orb (Figs. 13, ti ; 16, 2i ; Hdstitjrrind, Wyv. Thoms. ; 
Orhdina , d’Orb (Fig. 16, 1). 

1). ■ llotaliaceac ; test vitreous, perforate, usually a conical spiral (like a 
snail), chamben* often subdivide! into chambcrlels, and with a proper wull, 
and intermediate skeleton traversed by canals, liohdia , Dim. (Fig. 14, 2) ; 
Planorbulina, d’Orb. (Fig. 13,9); Polytrr.ma , Risso ; Spirit lina, Khr. (lion- 
septate); Patellina , Will. ; Pisrorbinu , P. and J. (Fig. 13, 7). 

10. Xummulitaceae : test usually a complex spiral, the turns completely 
investing their predecessors : wall finely tubular, often with a proper wall 
and intermediate skeleton. Fusidtna , Fiscli. ; Pulystomella , Dim.; Numvndites, 
d’Orb. (Fig. 13, 11); Orbitoidr s, d’Orb. 

The A llogrom idiaceue are a well-marked and distinct order, on 
the whole resembling the Uhizopoda Filosa, and are often found 
with them in fresh water, while all other Foraminifera are marine. 
The type genus, AUogromia (Fig. 14, l), has an oval ehitinous 
shell* Mirrogromia socialis (Fig. 1 1) is often found in. aggregates, 
the pseudopodia of neighbours fusing where they meet into a 

1 The type of Dujardin’s genus Grumia is G. ovifnrmis = llyalopus dnjardinii , 
M. Sch. t which is one of the Filosa. 
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common network. This is due to the fact that one of the two 
daughter-cells at each fission, that does not retain the parent Miell, 
remains in connexion with its sister that does : sometimes, how- 
ever, it retracts its pseudopodia, except two which become flagella, 
wherewith it am swim off. The test of Pmnphntjus is a mere 
pellicle 1 . In Liebrrliihnia (Fig. 12) it is hardly that; though 
the body does not give oil' the fine pseudopodia directly, hut emits 
a thick process or " stylopodium ” 1 comparable to tin? protoplasm 
protruded through the pylome of its better protected ullies; and 
from this, which often stretches back parallel to tins elongated body, 



Flo. 11 . — Mien itj iiaiiia snritifiA. A, entire colony ; B, ftintfle zooid ; C, zooiil which has 
undergone liiiiiirv fission, with out*, of the (laughter-cells creeping out ol' the shell ; 
D, tlugcllulu. < Contractile vacuole; nn, nucleus; sh, shell. (From J’urkcr 

iind I Jus well, sifter ller twig ami Ijesser. ) 

the reticulum of ]iseudopodia is emitted. Diuphuradoii has a 
shell recalling that of /)i(fluffia (Fig. 10, 1), p. .55), formed of windy 
fragments, but with interstices between them through which as 
well as through the two pylomes the pseudopodia pass, in all 
of these the shell is formed as in the Iiliizopods once for all, and 
does not grow afterwards; and the fresh-water forms, which 
are the majority, have one or more contractile vacuoles; in 
Allot/romitt they are very numerous, scattered on the expanded 
protoplasmic network. 

The remaining marine families may all be treated of generally, 
before noting their special characters. Their marine habitat 
is variable, but in most cases restricted. A few extend up the 
brackish water of estuaries: a large number are found between tide- 
1 Tills convenient name is due to my friend Dr. A. Kemna of Antwerp. 
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marks, or oil the so-called littoral shelf extending to deep water ; 
they are for the most part adherent to seaweeds, or lie among 
sand or on the mud. Other forms, again, are pelagic, such as 
(tlohiffcrina (Figs. IS, 6, 1C, L7) and its allies, and float as part, 
of the plankton, having the surfsicc of their shells extended by 
delicate spines, their pseudopodia long and radiatiug, ami the outer 



Fru. 12.-- Isfcbei'kV/ntitt, n friwli- water Itliizopori, from tliu -si wiped shell or which 
branched psuuilopodial tiluimmts protrude. (From Wrworu.) 


part of their cytoplasm richly vacuolated (“alveolate”), and pro- 
bably containing a liquid lighter than sea water, as in the Iiadiolaria. 
Even these, after their death and the decay of the protoplasm, 
must sink to the bottom (losing the fine spines by solution as they 
fall) ; and they accumulate there, to form a light oozy mud, the 
11 Glbberina-ooze ” of geographers, at depths where the carbonic 
acid under pressure is not adequate to dissolve the more solid 
calcareous matter. Grey Chalk is such' an ooze, consolidated by 
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the lapse of time ami the pressure of superincumbent layers. 
Some Foraminifera live on the sea bottom even at the greatest 
depths, and of course their shell is not composed of calcareous 
matter. Foraminifera may be obtained for examination by care- 
fully washing sand or mud, collected on the beucli at different levels 
between tide-marks, or from dredgings, or by carefully search- 
ing the surface of seaweeds, or by washing their roots, or, again, 
by the surface or deep-sea tow-net. The sand used to weight 
spougetf for sale is the ready source of a large number of 
forms, ^ml may be obtained for the asking from the sponge- 
dealers . 1 to whom it is a useless waste product. If this sand is 
dried lpi an oven, aud then poured into water, the empty shells, 
filled with air, will float to the surface, and may be sorted by 
fine silk wire gauze. 

. Worn the resemblance of the shells of many of them to the 
Nautilus tltyy were at first described as minute t'ephulopods, or 
Cuttlefish, by d'Orbigny , 1 aud their true nature was only elucidated 
in the last century by the labours of Williamson, Carpenter, 
Dujftrdir;, and Max Scliultze. At first they possess only one 
nucleus, but in the adult stage may become plurinucleate 
without dividing, and this is especially the case in the “ micro- 
sphaeric” states exhibited by many of those with a complex 
shell ; the nucleus is apt to give off fragments (cliromidia) which 
lie scattered in the cytoplasm. At first, too, in all cases, the 
shell has but a single- chamber, a state that persists through 
life in some. When the. number of chambers increases, their 
number has no relation to that of the nuclei, which remains 
much smaller till brood-formation sets in. 

The shell-substance, if calcareous, has one of the two types, 
porcellunous or vitreous, that we have already mentioned, but 
Poly tram a, a form of very irregular shape, though freely 
perforated, is of a lovely pink colour. In the calcareous shells 
sandy particles may be intercalated, forming a transition to the • 
Arenacea. In these the cement has an organic base associated 
with calcareous or ferruginous matter; in some, however, the 
cement is a phosphate of iron. The porcellunous shells are often 
deep brown by transmitted light. 

1 Thu name Foraminifera was used to express the fact thut the chambers . . 
communicated by pores, not by a tubular siphon as in Nautiloidea and Ammonoidea 
(Vol. III. pp. 393, 396). 
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Despite the apparent uniformity of the protoplasmic body in 
this group, the shell is infinitely varied iu form. As Carpenter 



O.PIanorbulina '10 IbNummulifas 


Fig. 13. — Shells'of Foraminifcm . In 3, 4, and 5, a shows the surface view, and b a 
section ; 8 a is a diagram of a coiled cell without supplemental skeleton ; 8b of a 
similar form with supplemental skeleton (s.sk ) ; and 10 of n form with overlapping 
whorls ; in 11 a half the shell is shown in horizontal section ; h is a vertical section ; 
a, aperture of the shell ; 1-15, successive chumlierH, 1 being always the oldest or 
initial chandler. (Front Parker and IlaswelJ, after other authors.) 

writes, in reference to the Arenacea, “There is nothing more 
wonderful in nature than the building up of these elaborate and 
symmetrical structures by mere jelly-specks, presenting no traces 
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whatever of that definite organisation which we are accustomed 
to regard as necessary to the manifestations of conscious life. . . . 
•The tests (shells) they construct when highly magnified bear 
comparison with the most skilful masonry of man. from 
the same sandy bottom one species picks up the coarsest quartz 
grains, unites them together witli a ferruginous cement, and thus 
constructs a flask-shaped test, having a short neck and a single 
large oritie^; another picks up the finer grains and puts them 
together witli the same cement into perfectly spherical tests of 
the most extraordinary linisli, perforated with numerous small 
pores disposed at pretty regular intervals. Another speeics 
selects tluS minutest sand grains and the terminal portions of 
sponge-spicules, and works them up together — apparently with 
110 1 cement at all, hut by the mere laying of the spicules — ‘into 
cere Me white spheres like homoeopathic globules, each showing 
vAssurcd orifice. And another, which makes a straight, 
'authored test, the conical mouth of each chamber 
; into the cavity of the next, while forming the walls 
tinhcrs of ordinary sand grains rather loosely held 
*. tj shapes the. conical mouths of the chambers by firmly 

com .uing together the quartz grains which border it.” The 
structure of the shell is indeed variable. The pylonie may he 
single or represented by a row of holes (iVw eroptis, OrhUolitvH ), 
or, again, there may be several pylomes (CalvUnhn) ; and, again, 
there are in addition nuinertnis scattered pores for the protrusion 
of pseudopodia elsewhere than from the stylopodium, in the 
whole of the “ Yitrea ” and in many “ Arenacea ” ; and, as we 
shall see, this may exercise a marked influence on the structure 
of the shell. 

In some cases the shell is simple, and in Conivspirn and 
Spirit/ ina increases so as to have the form of a flat coiled tube. 
In Catcituba the shell brandies irregularly in a dichotomous 
way, and the older parts break away as the seaweed on which 
they grow is eaten away, and fall to the bottom, while the 
younger branches go on growing and branching. The fallen 
pieces, if they light on living weed, attach themselves thereto 
and repeat the original growth ; if not, the protoplasm crawls 
out and finds a fresh weed and forms u new tube. In \he 
" l\>lythalamia ” new chambers are formed by the excess of the 
protoplasm emerging and surrounding itself with a shell, 
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CHAPTER I 

TURBELLAR1A 

INTRODUCTION: DESCRIPTION OK THE POLYCLAD L EP TOP LA XA 

THEM ELLA ELS APPEARANCE HA PITS STRUCT THE : POLY- 

CIiADlDA CLASSIFICATION HA PITS ANATOMY DEVELOP- 
MENT: TRICLAIHPA OCCURRENCE STRUCTURE CLASSIFICA- 
TION : HIIARPOCOELIDA — OCCURRENCE — HABITS REPRODUC- 

TION - -CLASSIFICATION. 

The Vlatyhelminthos, or Flat Worms, form a natural assemblage 
of animals, the members of which, however widely they may 
differ in appearance, habits, or life- history, exhibit a funda- 
mental similarity of organisation whirl) justifies their seimmtion 
from other classes of worms, and their union into a distinct 
phylum. Excluding the huddles (Hirudinoa), and the long sea- 
worms (Nemertinea) — which, though formerly included, are now 
treated independently — the Platyhelininthes may be divided into 
three? brandies: (1) Turbellarin (including the l’lunurians), (2) 
Trematoda (including the liver-flukes), and (3) Cestodu (tape- 
worms). The Mesozoa will be treated as an .appendix to the 
Platyhelininthes. 

The Turliellaria were so culled by Ehrenberg 1 (1831) on 
account of the cilia or vibratile processes with which these 
aquatic animals are covered, causing by their incessant action, 
tiny currents (“ turbellae” disturbances) in the surrounding 
water. The ciliary covering distinguishes this free-living group . 
from the parasitic Tremutodes and Cestodes, some of which 
possess such an investment, but only during their curly free 
1 Hemprich and Ehrenberg, Symholae physieae , Berlin, fol. 1831. 
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larval stage, for the short period when they have left the 
parental host and are seeking another (Figs. 26, 27, 42).' m 

Some Turbellaria (Rhubdocoelida) resemble Infusoria in their 
minute size, shape, and movements. Nevertheless they possess 
an organisatioh of considerable complexity. The ’ fresh -water 
Planariaus (Fig. 14), abounding in ponds and streams, vary from 
a quarter to half an inch in length, and are elongated and 
flattened. Their body is soft, and progresses by a characteristic, 
even, gliding motion like a snail. The marine Planarians or 
Polyclads (Fig. 8) are usually broad and leaf-like, sometimes 
attaining a length of six inches, and swim or creep in a most 
graceful way. .bind Planarians occur in this country (Fig. 15), 
but far more abundantly in tropical and sub-tropical districts, in 
moist places, venturing abroad at night in pursuit of prey. They 
are elongated and cylindrical, in some cases measuring, when 
fully extended, a foot or more in length, and arc often ornamented 
with brilliantly coloured, longitudinal bands. 

Turbellaria are carnivorous, overpowering their prey by peculiar, 
cutaneous offensive weapons, and then sucking out the contents of 
the victim by the “ pharynx.” bind Planarians feed on earth- 
worms, molluscs, and wood-lice ; fresh-water Planarians on Oligo- 
chaet worms, water-snails, and water-1 reties ; marine forms devour 
Polyeliaet worms and molluscs. Some Turlxdluria seem to prefer 
freshly-killed or weakly examples of animals too large to be over- 
powered when fully active. Certain Ehabdocoelida are messmates 
of Molluscs and Echinoderms, and a few others are truly parasitic 
— a mode of life adopted by all Trematodes save Temnoceyhala. 

The Trematodes 1 may be divided into those living on the 
outer surface of various aquatic animals, usually fish (Ectopara- 
sites) ; and those which penetrate more or less deeply into the 
alimentary canal or the associated organs of the host (Endo- 
pirasites). They are oval, flattened Platyhelminthes ranging from 
a microscopic size to a length of three feet (Ntm atobothriwm. Fig. 
22), and are provided with organs of adhesion by w p hich they cling- 
to the outer surfucc, or to the interior, of the animals they inhabit.' 
Trematodes occur parasitically in all groups of Vertebrates, but, 
with the exception of the liver-flukes of the sheep ( [Distomum hepa - . 
ticum and 1). magnum ), and of Bilharzia haematobia found in mat^ 
(in the blood-vessels of the urinary bladder) over the greater part 
1 T pfypa, a hole ; referring to the orifices of the suckers.' 
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6f Africa, their attacks are not usually of a serious nature. Ecto- 
parasitic Trematodes are Monogenet ic ; that is, their larvae grow 
uj> directly into mature forms. The Endoparasitic species, how- 
ever, are usually I>i genetic. Their larvae enter an Invertebrate 
and produce a new generation of different larvae, and these 
another. The last are immature flukes. They enter a second 
host, which is swallowed by the filial Vertebrate host in which 
they become mature. 

The Cestodes or Tape-worms have undergone more profound 
modifications both in structure and in mode of development 
They are all endoparasitic, and, with one exception (Archigctes), 
attain maturity solely within the alimentary canal of Vertebrates. 
In length they range from a few millimetres to several metres, but 
this great size is attained from the need for the rapid production 
and accumulation of enormous numbers of eggs. The "head” 
or “ scolex ” is attached to the mucous membrane of the host by 
suckers or hooks, but there is no mouth nor any certain trace of a 
digestive tract at any stage of the life-history of Cestodes. For 
nourishment they absorb, through the skin, the previously-digested 
food (of the host) that buthes them. In a fe.w Cestodes the body 
is simple and not divided into “ proglottides ” or generative seg- 
ments, but in most cases it is jointed in such a way that the last 
segment is the oldest, and eacli contains a set of reproductive 
organs. The life-liistories of Cestodes are must remarkable. The 
proglottides containing the eggs piss out of the final host along 
with the faeces aiul enter the intermediate host with the food. 
The larvae hatch, and boring their way into the blood-vessels, are 
earned by the circulation to various internal organs. Here they 
usually become “ bladder- worms,” and develop the “head ” of the 
future sexual form. Then, if, as is usually the case, the inter- 
mediate host is preyed upon by the final host, the larval Cestodes 
enter the alimentary canal of the latter. The head of the lurva 
alone survives digestion, and from it the mature worm is formed. 

‘ Of these three branches of the phylum Hatyhelminthes, the 
Turbellaria possess features of special interest and importance. Not 
only do they furnish the explanation of the structure of the two 
parasitic groups (which have probably arisen from Turbellarian- 
like ancestors), but they occupy the lowest position in the whole 
group of worms. There are reasons for thinking that this is the 
simplest group of bilateral animals which adopt the habit of creep- 
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ing. The Turhellaria are most closely allied to that great extinct? 
group from which they, the Nemertinea, Kotifera, and even the 
Annelids, offer increasingly convincing evidence of having be£n 
derived. Many questions relating to the affinities of, or the 
origin of organs in, the Annelids, resolve themselves into similar 
questions about the Turhellaria. For these reasons, this group 
is here dealt with at greater length than the others, the interest 
of which is of a more special nature. 

The history of our knowledge of the Cestodes dates back to 
ancient times, as the presence and effects of tape-worms early 
attracted the attention of physicians. Trematodes are first 
distinctly referred to in the sixteenth century, while Turhellaria 
first figure in Trombley’s memoir on Hydra (1744). 1 The whole 
subject of the increase in our knowledge of parasitic Platyhel- 
minthes is dealt with in the standard work, The Parasites of 
Man , by Leuekart, 2 and a complete list of references in zoological 
literature to Cestodes and Trematodes is to be found in Broun’s 
Thierrewh? O. F. Miiller 4 and .Khrenberg founded our know- 
ledge of the Turhellaria, hut for a long time the group remained 
in a most neglected condition. In this country Montagu, IS. 
Johnston, and in Ireland, William Thompson, discovered several 
marine species, one of which, Planucrni folia hi (from Berwick), 
has not again been met with on British shores. Dal yell con- 
ducted classical researches on the habits of 1’lanarians, and Fara- 
day 6 made interesting experiments on their power of regenerat- 
ing lost parts. The credit ol* assigning the*, correct i liter] nota- 
tion to most of the various organs of lresh-water Planarians 
belongs to von Baer 7 and Duges, 8 while Me r tens 0 effected a 
similar service for the marine forms, or Bolyclads. The minute 
lihabdococls were first successfully investigated and classified by 
Oscar Schmidt. 10 The great work on this group is, however, the 

1 Mtmoiirs jwir srrvir a I'histoirr d. Pvlyjics iVettu domr, Leyden, 1744. 

2 Die Parasite n tic* Mai ache a, 1879 . Engl. Transl. by W. E. lloyle, i. 1886. 

3 Hand 4, by M. Ilraun. ( Mcsozoa and Tmnatoda completed ; Cestoda in progress. ) 

4 Verm . terr. H flaw . . . succinct a historin , 1773 ; Zool. Danica , 1777. 

0 Observations on Plamiriac , Edinburgh, 1813. 

6 M. Faraday, “On thu 1 ’laminae," Medical Gazette , Feb. 1832; and ill Edin- 
buryk New Philosoph. Journal , vol. xiv. 1833, pp. 183-189. 

7 Xov. Act . Acad. Cars . Leap. -Carol, tom. xiii. 1827. 

8 Ann. Sci. A ’at. (Zool.) I. tom. xv. 1828. ; ibid. torn. xxi. 1830. 

9 Mem. Acad. St. Pflersboury , f>tli ser. tom. ii. 1832. 

10 Die rhnlKlocoelf.n TvrbcUaricn dcs Silsswassers. Jena 1848. 
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fnonograph by von Graff. 1 A similarly comprehensive and indis- 
pensable treatise by Lang, on the Polycladida, 2 * * contains references 
to all previous publications on the group, among which the 
papers by Quatrefuges, Johannes Milllcr, Kcferstein, Minot, and 
Hallez stand out conspicuously. Moseley’s work 8 on the Lind 
Planarians of Ceylon is undoubtedly the most revolutionary 


paper referring to this group, and the 
best contribution towards elucidating 
the structure of the Tricludida at a 
time when the subject was very obscure. 
A monograph on Land IManarians is 
being prepared by von Graif. 

The Turbellaria are divided into : 
(1) Polycladida, marine forms with 
multiple intestinal branches; (2) Tri- 
cludida, marine, fresli-water, and ter- 
restrial rianarians with three main 
intestinal branches ; (:.») the Jlhuhdocoe- 
lida, as varied in habit as the Triclads, 
but possessing a straight and simple or 
slightly lobed, intestine. A detailed 
description of an example of the Poly- 
elads, and then a comparative account 
of each division, will now be given. 

Turbellaria. I. Folycladida. 

Description of Lcptoplana tremellaris. 

Appearance and Habits. — An ac- 
count of the Polyclad Turbellaria. may 
be fitly prefaced by a description of 
a very, common representative, Lepto- 
jtlana tremellaris , so called on account 
of the thin, fiat body which executes 



Flo. 1.— fs/ifoftfamr frnnrJlftris 
0. F. M. Hit'll from tin* dnrsul 
Kiirfiiri*. Till* aliiiufiitiiry ennui 
runs Mown tin* middle* line nml 
sends lirnnelirs In tins murgiu 
of the hotly, x ti. 


when disturbed, quivering or tremulous swimming movements. 


1 Monographic d. Turhellaricn . I. Rhnhdwot'lidn, 1882. Din Acouln, Leipzig, 

1892. 

■ “Die Polyelndcii,** Fauna ?/. Flora d. (Ioffes r. Xeaprl, Monogr. XI. 1884. 

» Phil. Trans. 1874, p. 105. 
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Like all Polyclads, Lcptoplana is marine. It is probably found 
oh all European shores, northwards to Greenland and southwards 
to the lied Sea, while vertically it ranges from the littoral zone 
down to fifty fathoms. There is, however, an apparently well- 
marked difference between the littoral specimens, which vary 
from three-quarters to one inch in length, are brownish in colour 
and firm in consistency, and the more dedicate examples half an 
inch long, white, with a brown tinge, which occur in deeper water. 

At low water Leptoplam s may be found buried in mud or on 
the under surface of stones, in pools whpre darkness and damp- 
ness may lie ensured till the return of tjie tide. It is, however, 
by no means easy to detect and removy it from the encrusting 



Fia. 2. — Lrpfoplnna tmntUari* . Th rat-quarters view from tlie ventral surface. The 
pharynx (pk) is widely protruded through the mouth (/im) ns in the net of attack- 
ing prey. fn\ llraiu with nerves, Adoso to which are the four groups of eyes ; my, 
stomach; m;/c, “marginal groo/fe ” ; pe, penis ; w, sucker; at % uterus; «/, vasa 
dcfercutia ; 9, female genital aperture surrounded liy the shell-glund ; 6 > male ajHii- 
ture. (Semi-diagrammatic, un»l x 6.) 

TVtlyzoa, Ascidians, or Sponges with which it is usually associated. 
The flat, soft, unsegmented body is so closely appressed to 
the substratum that its presence is usually only betrayed by its 
movement, an even gliding motion of the mobile body, which 
suggested the apt name “ la pellicule mi i nice ” to Dicquemare. 
The creeping surface is called ventral, the upper one dorsal, and. 
us the broader end of the body always goes first, it is anterior as 
opposed to the more pointed posterior extremity. With a lens 
the characters shown in Figs. 1 and 2 may be observed. The 
eye& are seen as black dots near the anterior end, and are 
placed at the sides of a clear oval space, the brain. Along the 
transparent margin of the body, the ends of the intestinal 
Branches may Ije seen. These ramify from a lotted stomach or 
maiu-gut, and should the specimen be mature, the “ uterus loaded 
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*with eggs forms a dark margin round the latter (Figs. 1 and 
2> ut). The ventral surface is whitish, and through it the 
“ pharynx,” a frilled protrusible structure, may be dimly observed. 
The “ mouth ,” 1 through which the pharynx at the time of feeding 



Fiq. 3. — Lcptoplana tmndlnris in the net of swimming. A, Seen fnmi the right side 
during the downward stroke (the resemblance to n skate is striking) ; B, from 
aliove, ‘showing the upward stroke and longitudiunl u ml illations of the swimming 
lotas ; C, sidu view during the upward stroke ; D, transverse sections of the body 
during the strokes, x 5. 

is thrust out (Fig. 2, w«), is almost in the centre of tlio ventral 
surface. Behind this, a white, V-shaped mark ( vd ) indicates tlie 
ducts of the male reproductive organs, and still further back, is 
the irregular opaque mark of the “shell-glaiul,” by whiefi the 
egg-shells are formejl (Fig. 2, 9 ). 

1 3ince no food, but only. the pharynx, passes through this “mouth," the term 
£b unfortunate. Moreover the true mouth is the aperture placing the stomach in 
communication with ttye pharynx (Fig. 5, gm). 
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Leptoplann employs two kinds of movement, creeping and* 
swimming. Creeping is a uniform gliding movement, caused 
by the cilia of the ventral surface, aided perhaps by the longi- 
tudinal muscular layers of this surface, and is effected on the 
under side of the “ surface-film ” of water almost as well as on a 
solid substratum. Swimming is a more rapid and elegant move- 
ment, employed when alarmed or in pursuit of prey. The 
expanded fore-parts of the body act as lobes, which are Happed 
rapidly up over the body and then down beneath it, undulations 
running rapidly down them from before backwards. The action 
in fact is somewhat similar to that by which a skate swims, 
a resemblance pointed out long ago by ] luges 1 (Fig. ?>). 

We have few direct observations on the nature of the food of 
Lcpto plana, or the exact mode by which it is obtained. Dalyell, 2 
who observed this species very carefully, noticed that it was 
nocturnal and fed upon a Nereis, becoming greatly distended 
and of a green colour after the meal, but pule after a long fast. 
Keferstein 3 noticed a specimen in the act of devouring a 
Ijumbrirmwrris longer than itself, and also found the radulae of 
Chiton and Tsienioglossjite Molluscs in the intestine. That such 
an apparently weak and defenceless animal docs overpower large 
and heulthy Annelids and Mollusca-, lias not hitherto been 
definitely proved. Weak or diseased examples may Ik; chiefly 
selected. The flexible Leptuptana, adheres firmly to its prey, and 
the rapid action of the salivary glands of its mobile pharynx 
quickly softens and disintegrates the internal parts of the victim. 
The. food passes into the stomach (Fig. 2 , ?////), and is there 
digested. It is then transferred to the lateral branches of the 
intestine, and, after all the nutritious matters have been absorbed, 
the faeces are ejected with a sudden contraction of the whole 
body through tin? pharynx into the water. 

hep tojil ana pr nimbly does not live more, than a year. In the 
spring or summer, batches of eggs are laid and fixed to algae or 
stones by one individual, after having been fertilised by another. 
Young Leptoplana hutch out iu two to three weeks, and lead a 

1 An n. Sci . *V at, 1 st'r. tom. xv. 1828, p. 148. “La Planaire triinellairo . . . 
pent pareourir . . . en faisaut luttru rupidonient sea parties laterals h la mani&ro 
ties larges nagcoircs dca Raies.” 

%a Obsci'mtioiHt on Vlanrt riftc. Edinburgh, 1813, p. 12. 

3 “ Zur Anat. u. Entwickl. einiger Sreplanarien v. St. Malo," Abh. K. Qesell - 
schoftd . IViss. Gottingen, 1808. 
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•pelagic existence till they are three or four millimetres in length. 
In late summer, numbers of such immature examples may be found 
afhong sea-weeds and Corallina in tide pools. In the succeeding 
spring they develop first the male and then the female reproduc- 



Fra. 4. — Portion of a transverse section of Lrpfo/ifaiia trewfltiri* in the hinder part of 
the l>ody. x 100. hui, Basement (skeletal) membrane ; rif, cilia ; #/.#«, diagonal 
miiseles ; il.v.m, dorso-vcntral muscles ; # 7 #, epidermis ; f.p, food partieles ; /.#/, lateral 
inttistinal branches cut across ; f.m erf, external, and l.m inf, internal longitudinal 
iiiusi'le layers ; in.r, glandular (mucous) cells ; uni, their duets ; .V, longitudinal 
nerve ; AV, nuclei of the intestinal epithelium ; w\ ovary ; uni, oviduct ; pur, 
cells of the parenchyinii ; r.ti, vnsa delerentin, with spermatozoa ; mi, circular 
musculature ; rh, rhalHlites ; sh, cells of the shell-gland ; t?, testes ; vc, vasa 
efterentia ; yx, “yellow cells.” (After Lang.) 


Anatomy of Leptoplana tremellaris. — LeptopUnm may he 
divided into corresponding halves only by u median vertical 
longitudinal plane. The body and all the systems of organs are 
strictly bilaterally symmetrical. Excepting the cavities of the 
organs themselves, the body is solid. A connective. “ parenchyma ” 
(Fig. 4, par) knits the various internal organs together, while it 
allows free play of one part on another. These, organs are enclosed 
in a muscular body-wall, clothed externally 1 >y the ciliated epidermis, 
which is separated from the underlying musculature by a strong 
membrune (Fig. 4, Im), the only skeletal element in the body. 
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. Body- Wall — The epidermis (Fig. 4, ep) is composed of a* 
single layer of ciliated cells, containing small, highly refractive, 
pointed rods or “ rliabdites ” (/*A), and gives rise to deeply- 
placed mucous cells (nx), which are glandular and pour out 
on the surface of the body a fluid in which the cilia vibrate. : 
The tenacious hold on a stone which Leptoplana exerts if sud- 
denly disturbed, or when grasping its prey, is probably due to the 
increased glutinous secretion of these glands, aided perhaps by 
rhabclites, which on such occasions are shot out in great numbers. 
The basement membrane is an elastic skeletal membrane com- 
posed of stellate cells emlwddcd in a firm matrix. It serves 
chiefly for the origin and insertion of the dorso-ventral muscles 
(< (Iv.m ). Under the basement membrane lies a very thin layer 
of transverse muscular fibres (Fig. 4, r//t), which are, however, 
apparently absent on the ventral surface. Then follows a stout 
layer of longitudinal fibres (f.m c*t), and beneath this a diagonal 
layer (//./a), the fibres of which intersect along the median line 
in such a way that the inner flbres of one side become the outer .. 
diagonal fibres of the other. lastly, within this again, on the 
ventral surface, is a second stout longitudinal layer ’(/.?/* inf). 
The sucker («*, Figs.' 2 and 5) is a modification of the body-wall 
at that point. In addition to the dorso- ventral muscles, there 
exists a complex visceral musculature regulating the movements 
of the pharynx, intestine, and copidatory organs. 

Parenchyma. — The spaces between the main organs of tlio 
■ body are filled by a tissue containing various kinds of cells, 
salivary glands, shell-glands, and prostate glands. Besides these, 
however, we find a vacuolated, nucleated, thick-walled network, 
and to this the word parenchyma is properly applied. Besides 
its connective function, the parenchyma confers that elasticity on 
the body which Leptoplana possesses in such a high degree. . Pig- 
ment cells are found in the parenchyma in many Polyclads. 

Digestive System. — The general arrangement of this ‘system 
may be seen in Figs. 2, 5, and 7 ; and may be compared, especially 
when the pharyux is protruded, as in Fig. 2, with the gastral 
system of a Medusa. The “ mouth ” (there is no anus) is placed 
almost in the centre of the ventral surface. It leads (Fig. 7, B, phs) . 
into a chamber (the peripharyngeal space) divided into an upper 
lind a lower division by the insertion of a muscular collar-fold 
(the pharynx, pit), which mpy be protruded, % its free* lip* 
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“advancing, through the mouth (Fig. 2), and is then capable of 
enclosing by its mobile frilled margin, prey as large as Leptoplana 
itself. Tlie upper division of the chamber communicates by a 
hole in its roof 1 (the true mouth. Figs. 5 and 7, g.in) with the 
cavity of the main-gut or stomach (jn m g\ which runs almost the 
length of the body in the middle line, forwurds over the brain 
(Fig. 5, vp)- Seven pairs of lateral gut-branches convey the 
digested food to the various organs, not directly however, but only 
after the food mixed with sea-water has been repeatedly driven 
by peristalsis first towards the blind end of the gut-branches and 
then back towards the stomach. Inspiration is probably largely 
effected by this moans. The epithelium of the intestine (Fig/ 4, 
l.y) of a starving specimen is composed of separate flagellated 
cells frequently containing “yellow cells.” 2 After a meal, how- 
ever, the cell outlines are invisible. Gre-garincs, encysted (Jereariae, 
and Orthonectida 3 occur parasitically in the gut-branches. 4 

An excretory system of “ flame-cells ” and fine vessels lias 
hitherto been seen only by Schultze 4 in this species, which will 
not, however, resist intact the compression necessary to enable 
the details to Ixj determined. They are probably similar to 
those of Thymnozoon described on p. 25. 

Nervous System. — The brain, which is enclosed in a tough 
capsule (Fig. 5, ftr), is placed in front of the pharynx, but some 
distance behind the anterior margin of the body. It is of an 
oval shape, subdivided superficially into right and left halves by 
a shallow depression, and is provided in front with a pair of 
granular-looking appendages, composed of ganglion-cells from which 
numerous sensory nerves arise, supplying the eyes and anterior 
region. Posteriorly the brain gives rise to a chiefly motor, 
nervous sheath (Fig. 5, nn), which invests the body just within 
? the musculature. This sheath is thickened along two ventral 
lines (Fig. 5, In) and two lateral lines (n.s), but is very slightly 
developed on the dorsal surface. Ganglion-cells occur on the 
course " of the nerves, and are particularly large at the point of 
origin of the great motor nerves. 

' .Sense Organs. — Leptoplana possesses eyes, stiff tactile, mar- 

. . l . 'The roof of the peripharyngeal chamber in hence known ae the “diaphragm." 

* 'See Brandt, Fauna u. Flora d. Oolfcs v. Ncapcl , Monogr. XIII. 1885, p. 65. . 
..’.See p. 94. 

i 4 Ver/umdlungcn d. med. Geaellschaft tu JVilrsbury, iv. 1854, p. 223. 
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Fin. 5 .— Diagrairitaatio 
view of the struc- 
ture of Leptoplana 
tmndlaris an a 
tyj»e of the Poly- 
cladida. The body 
is cut across the 
middle to bIiow the 
relative position of 
organs in trans- 
verse section. In 
the posterior half 
the alimentary 
canal has been bi- 
sected and removed 
from the left 
side, to exhibit the 
deeply placed nerv- 
ous sheath (mi) 
and the male re- 
r , productive organs. 

* hr. Brain ; tip, 

“ diaphragm n ; e, 
cerebral group of 
eves ; ft, teiitac- 
f ular eye - group ; 

yr, marginal 
groove ; ym, true 
mouth ; lg, lateral 
gut - brunch ; In, 

, longitiidiual nerve 

stem ; m, external 
1 mouth ; my, mg' , 

main -gut, whole, 
and bisected ; u, 
sensory nerve sup- 
plying the eyes ; 
nn, nervous net- 
work lying on the 
ventral ninseula- 
turc ; 91.0, lateral 
nerve ; <*/, oviduct ; 
or, ovary ; pf, penis 
(in section) ; ph t 
pharynx ; pr, pros- 
tate or “ granule 
glnud''; sc, sucker ; 
ny, shell-gland.; 
tc, testes ; up, an- 
terior unpaired- 
gut - branch ; ut* 
uterus; ro, vagina 
(in section)*; vd,. 
vos deferens; 
vosa efferentia ; <?,- 
male genital- pons 
9 , female pore. ■ V 
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•ginal cilia, and possibly a sense organ in the “marginal groove.” 
The eyes, which are easily seen as collections of black dots lying 
at the sides of the brain, may l>e divided into two paired groups: 
(1) cerebral eyes (Fig. o, e), find (2) ten- 
tacle eyes (*/), which indicate the position 
of a piir of tentacles in allied forms (Fig. 

8, A, t and ]>). Each ocellus consists of 
a capsule placed sit right singles to the 
surface of the body in the psirenchyma, 
below the dorssil muscles, find with its con- 
vex face outwards. It is a single cell 
in which pigment granules have, accumu- 
latcd. The light, however, can only roach 
the refractive, rods, which lie within it, 
obliquely at their outer ends. These rods 
are in connexion with the. retimil cells, and 
thus communicate by the optic nerve, with 
the brain. The cerebral eyes are really paired, and are directed 
some upwards, some sideways, some downwards. 

The. “marginal groove” is a shallow depression of the 
epidermis (Fig. o, ///•) lined by cilia, and containing the ducts 
of very numerous gland-cells. It runs almost parallel to the 
anterior margin of the body, a short distance, from it, but we 
have no observations on its functions. 

Reproductive Organs. — Leptajdarm is hermaphrodite, and, 
as in most hermaphrodites, the reproductive organs are com- 
plicated. The male organs are the first to ripen, but this does 
not appear to prevent an overlapping of the periods of maturity 
of the male and female products, so that when the eggs are 
being Laid, the. nuile organs are, apparently, still in a functional 
state. The principal parts are seen in Fig. 5. The very 
numerous testes (1 te . ) are placed ventrally, and are connected with 
fine vasti efferentia (?;r), which form a delicate network opening at 
various points into the two rasa deferentia ( rd ). These tubes, 
especially when distended with s])crmato/oa, may easily be seen 
(Fig. 2, vd) converging at the base of the penis, and connected 
posteriorly by a loop that runs behind the female genital pore 
(Fig. 5). The penis (jie) is pyriform and muscular, and is 
divided into two chambers, a large upper one for the sperma- 
tozoa, and a smaller lower one for the secretion of a special 



Fie. ll.« -Diii^riuu of nn eye 
of from the 

tiMitiirlc ffroup. x GOO. 
( Alter hui ik.) 
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“prostate” gland. The apex of the penis is eversible and ' nofr 
merely protrusible, being turned inside out when evaginated. The 
ovaries (Fig. 5, or) are numerous and somewhat spherical 1 Th8y. 
are dorsally placed, but when fully developed extend deeply ' 
wherever they can find room to do so, and they not oiily furnish 
the ova, but elaborate food-yolk in the ova, as there are no 
j special yolk-glands. The slender oviducts ( od ) open at several 
points into the “ uterus ” (ut) (a misnomer, as no development - 
takes place within it), which encircles the pharynx, and opens by 
a single duct into the vagina (m). Heiv the ova are probably 
fertilised, and one by one invested by the shell-gland ( sg ) with a 
secretion which hardens and forms a resistant shell. They are 
then laid in plate-like masses which are attached to stones or 
Shells. The development is a direct one, and the young Lepto - 
plana-, which liatches in about three weeks, has the outline of a 
spherical triangle, and possesses most of the organs of the adult. 
After leading a floating life for a few weeks it probably attains 
maturity in about nine months. 

Classification, Habits, and Structure of the Polycladida. 

The Polyclads were so called by Lang on account of the numerous 
primary branches of their intestine. They are free-living, purely 
marine Platyhelminthes, possessing multiple ovaries, distinct male 
and female geuital pores (Digonopora), but no yolk-glands. The 
eggs are small, and in many* cases give rise to a distinct larval 
form, known as “Muller’s larva” (Fig. 12). The Polyclads, with 
one exception, 1 fall into two sub-groups, Acotylea and Cotylea : — 

Character. Acotylea. Outylen. 

Sucker . . A sucker absent.- A sucker always present (Fig&, 

8, D, *; 7, A, sc). 

Mouth . . In the middle, or behind the In the middle, or in front of the 
middle, of the ventral sur- middle, of the vcutral surface. , 
.face. 

Pharynx . . More or less intricately folded. Rarely folded. Usually cylin- 

* drical or trumpet-Bhaped. 

Tentacles. . A pair of dorsul tentacles A pair of marginal tentacles (ex* . 

* usually present. cept in Anonymus). 

Development Usually * direct. Larva when Muller’s larva present. Metamor- . 

f iresent, not a typical Muller's pliosis, however, extremely- 

arv.'i. slight. 

1 Enantia spini/era GrfT. Milthcil. rf. Naturiciss. Vcrcin. /. Steicrmark, 1889. ■ 

9 ’The sucker of Leptoptivna trcmellari* probably does not correspond with thftt 
of the Cotylea. 



z 


• . CLASSIFICATION OF POLYCLADIDA 


1 7 


• Tig. 8 shows that, starting with a member (A, I*)) of each 
division, in which the mouth is almost in the middle of the 
ventral surface, and the brain and sense organs somewhat 
renipte from the anterior end, we find in the Acotylea a series 
leading to an elongated form (Ostoplanidae), in which the 
mouth, pharynx, and genital pores are far back near the hinder 
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Fig. 7. — Diagrammatic vertical longitudinal sections : A, Of Proath ins fount- in (type of 
Cotylca) ; B, of Lt'ptnp/tnni ; C, of (Ysfnjtlutiu (types of Aeotylea). (A Hit Lang.) 
These figures illustrate the changes which follow the shifting of the mouth from 
a central position (B) to either end of the body, fir, Brain ; (f/ihm, 11 diaphragm *' ; 
gm, true- mouth ; ly, openings of lateral gut-branches ; hi, mouth ; mg, main-gut 
or stomach ; mgbr, median gut -branch ; jih, pharynx ; ph.m, aperture in pharyn- 
geal fold ; phs, peripharyngeal sheath ; sc, sucker ; <$, male, and 9, female, genital 
aperture. 

end of the body ; while, in tin*. Cotylea the series leads simi- 
larly to the elongated Vroslhiostonmtiduc, in which, however, 
the pharynx and external apertures are in the front purt of 
the body. This view of the morphology of the Polyclads is 
due to l^ang, and is liosed on the assumption that the more 
radially -constructed forms (Fig. 8, A, D) are the primitive 
ones. 


VOL. II 


11114 




Fig. 8. — Chief forms of Polycladida : A-C, Acotylea ; D-F, Ootylea. A, Planocem 
graffii Lang, nat. size ; B, StylochojAana macuhita Blimp*, x 7 ; C, Vcdoplana 
rubrocincta Lang, x f ; D, Anonymus ririfis Lang, x 8, ventral surface ; E, 
Thysanozoon bronihii Grulje, nat. size ; the heail is thrown back and the pharynx 
(ph) is pmtnided. F, Prosthimtomum, siphttncuhw Lung, x 3. Br, Brain ; CO, 
cerebral eye group ; DM, tme mouth ; Ky, marginal eyes ; m, mouth ; MG, . 
main-gut or stomach; P, dorsal papillae; Ph, pharynx ; a, sucker* (ventral) | 
T, tentacles ; UP, dorsal median gut-branch. <$ > male, and 9, female, genital 
ajiertnre, except in D, where 6 refers to the multiple penes. (Alter Luig anil 
- Schmidt.) . . ■ 
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Classification of Polycladida. 


ACOTYLEA. 


Family. 


Planoceridak. 

With dorsal tentacles. 
Mouth sub-central. 


Genus. 

Ptonocera (Fig. 8, A). 

I huh fine. 

Conoccros. 

Styloclius. 

Stylochoplana (Fig. 8, B). 
Diplonchm . 
P/anctoplana. 


British Representatives. 

Planner, ra folium Grubc. 

Berwiek-on-Tweed. 
tit y loch op la na macu lata 
Qurftref. Among brown 
weeds in Lnminanan zone. 


Leftoplanidak. 

Without dorsal tenta . 
clcs. Penis directed | 
backwards. 


.( 


Discncelis. 

Crffltoenli*. 

Lcpfojtlana . 
Triyotwporns. 

( Pulyjmstia (sec p. 27). 


Cestoh.anipae. ( Cestophnm (Fig. 8, C). 

No tentacles. Body | In Mediterranean and 
elongated. Penis \ on French side of the. 

directed forwards. \ Channel. 


Lcptoplana trcmcllaria 0. F. 
Mull. 

Ti. fnltnx Quatref. Plymou th . 
L. dmebae.hr unis Oe. Ply- 
mouth Sound. 

L. atomata O. F. Milll. 
Doubtful species. 


En ANTI IDAE. 

No sucker. No tentacles. 
Main-gut very short. 
External apertures us 
in Euryleptidac. 


Enantia. 
Adriatic Sea. 


COTYLHA. 


Anonymus (Fig. 8, D). 
Naples (two specimens). 


Anonym i dak. 

Mouth central. No 
tentacles. With two 
rows of penes. 

PsF.rPCM ' EH 1 DAE. 

Marginal tentacles 
folded. Mouth in 
anterior half. 


Eukyi,ki*tidak. 

Tentacles usually pre- 
sent and pointed, or 
represented by two - 
groups of eyes. Mouth 
close to anterior end. 
Pharynx cylindrical. 


Pbosthiostomatidae. 
Tentacles absent. Body 
elongated. Pharynx 
long, cylindrical 
Penis with accessory 
. muscular vesicles. 


Thysanoioon (Fig. 8, H). 
Psctuluceros. 

Yunyia. 


Prosthcccraeus. 
(Jyclaporus. 
Ennjlejita. 
Olvjoclhd.ua . 
titylostomum. 
Accros . 


Prosthiostomum (Fig. 8, 
F). 


Prosthccr.mcns vittatus Mont. 

On west coast. 

P. ary us Quatrcf. Guernsey. 
Uydoporus papillosus Lang. 

On Ascidians in 2-30 fms. 
EurylcptacornutaO . F. Mull. 
On sponges and shells, 
2-10 fins. 

Oliyodadu , f sanyuinolcntua 
(Juatref. 

0 . auritm * Clap. Doubtful. 
titylostomum variabile Lang. 
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Appearance and Size of Polyclad Turbellaria. — Polycladrf 
are almost unique amongst animals in possessing a broad and 
thin, delicate body that glides like a living }>dlicle over stones 
and weeds, moulding itself on to any inequalities of the surface 
over which it is travelling, yet so fragile that a touch of the 
finger will rend its tissues and often cause its speedy dissolution. 
The dorsal surface in a few forms is raised into fine processes 
( Plaiiotrra rillom ), or into hollow papillae ( Thymnozoon broechii), 
and in very rare eases may be armed with spines (Acanthozoon 
armatum} Emnitia spinifera) ; in others, again, nettle-cells (nema- 
toeysts) are found (Sty! orhn plana tarda, Ammymus r iritis). Some 
Polydads, especially the pelagic forms, are almost transparent ; 
in others, the. colour may Ihj an intense orange or velvety 
black, and is then due to peculiar deposits in the epidermal cells. 
Between these, two extremes the colour is dependent upon the 
blending of two sources, the. pigment of the body itself and the 
tint of the food. Thus a starved Leptoplana. is almost or quite 
white, a specimen fed on vascular tissue reddish. Many forms 
are coloured in such a way as to make their detection exceed- 
ingly difficult, hilt this is probably not merely due, as Ralyell 
supposed, to tlu 1 . substratum furnishing them with food and thus 
colouring them sympathetically, hut is probably a result of 
nuturul selection. 

The largest Polyclad, the bulkiest Turbellarian, is Leptoplana 
f/if/fta (0 inches long and 4 in breadth), taken by Schmarda, 
free-swimming, off the coast of (Vylon. The largest European 
form is Pm "hurras maxim us, 3 £ inches in length and stoutly 
built. A British species, Prostheveraeus vittatus, attains a length 
of from 2 to 3 inches. These large forms, especially the 
Pseudoceridae (pre-eminently the family of big Polydads), are 
brightly coloured, and usually possess good swimming powers, 
since, being broad and Hat, they are certainly not well adapted for 
creeping rapidly, and this is well shown by the way these 
Polydads take to swimming when in pursuit of prey at night. 
The size of any individual is determined, amongst other factors, 
by the period at which maturity sets in, after which prob- 
ably no increase takes place. Polydads apparently live about 
twelve months, and mature specimens of the same species vary 
from \ inch to 2| inches in length ( Thysnnozoon broechii), 

1 Cullingwoufl, Tran*. Linn. Sue. 2 «er. vol. i. pt. 3, 1876, p. 83. 
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showing that growth is, under favourable conditions, very 
rapid. 

Habits of Polyclad TurbeUaria. — Polyclads are exclusively 
marine, and for the most part littoral, animals. Moreover, there 
is no evidence of their occurrence in those, inland seas where 
certain marine animals (including one or two species of other- 
wise characteristically marine Khabdocoelida, p. 40) have per- 
sisted under changed conditions. From half-tide mark down to 
50 fathoms, some rolvclads probably occur on all coasts, hut as 
to their relative abundance in different seas we have very little 
accurate information. Tin 1 , southern sens of Europe possess more 
individuals and species than tin 1 northern, and probably the 
maximum development of the group takes place on tin 1 eoasts 
and coral islands of the tropics. 1 No Polyclads have, been taken 
below 60 fathoms ; hut their delicacy and inconspicuousncss render 
this negative evidence of little, value. Six ‘truly pelagir forms, 
however, are known, 2 ami these are interesting on account of their 
wide distribution (thine occurring in the Atlantic, Pacific, and 
Indian oceans), and also from the distinct modifications they 
have undergone in relation to their pelagic existence. 

Whatever may be tin; interpretations of the fact, rolvclads 
are notoriously difficult to detect, and this fact doubtless explains 
the scanty references to them by the older naturalists who col- 
lected even in tropical seas. Ijing, who worked seven years at 
Naples, added to the Mediterranean fauna as many Polyclads as 
were previously known for all Europe, in spite of the assiduous 
labours of his predecessors, Uelle C'hiajc and (juatrefages. 
Again Hallez, collecting at Wimereux at low-water, obtained 
some twenty specimens of Lcptoplana. tremellaris in an hour, 
while some other collectors working by his side could only find 
two or three. Yet, even making allowance for the difficulty of 
finding Polyclads, few of them appear to lie abundant. 

Leptoplana tremdlaris is frequently associated with colonies 
of Botryllus , and if separated soon perishes, whereas the free- 
living individuals are distinctly hardy (Hallez). A closely allied 
but possibly distinct form lives upon the surface of the Polyzoon 

1 Von Stummer-Traunfels, Zciischr. f. vrisn. Zool. 13d. lx. 1895, p. 689. 

9 Planoecra pelhicida Mertcns, P. simrothi v. Grtf., P. gruhei Gril a ., Stylocho - 
plana mrgaaricola Mortens, S. ealifornica Woodworth, Pfanctoplana challengeri 
Grff., all belonging to the Planoceridae. See v. Graff, “Pelagische Polycladcn,” 
Zcitschrift f, wise. Zvoloyic , Bd. lv. 1892, p. 190. 
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Schi&oporella , on the French side of the Cliannel, and cannot 
long endure separation from its natural habitat, to which* it 
is adaptively coloured. A striking case of protective mimicry 
is exhibited by Cycloporus papillosus, on the British coasts. 
This species, eminently variable in colour and in the presence or 
absence of dorsal papillue, is usually a quarter of an inch in 
length and of a firm consistency. Fixed by its sucker to Poly- 
clinid and other Ascidians, Cycloporus appears part and parcel of 
the substratum, an interesting parallel to Lamdlaria pcrspima* 
though we are not justified in calling the Polyclad parasitic. 
Indeed, though a few cases of association between Polydads and 
large Gasteropoda, Holothurians, and Echinids are known, 2 there 
is only one case, that of Planocera inquilina , 8 in the branchial 
chaml>er of the Gasteropod' flycotyp us ctimlicuhdus, which would 
seem to bear the interpretation of parasitism. The jet-black Pseudo - 
ceros vdutinus and the orange Yunyia aurantiaca of the Medi- 
terranean, are large conspicuous forms with no attempt at con- 
cealment, but their taste, which is not known, may protect them. 
Other habits, curiously analogous with devices employed by 
Nudibranch Mollusca (compare Thysanozoou brocchvi with Aeolis 
papillosa), emphasise the conclusion that the struggle for exist- 
ence in the littoral zone has adapted almost each Polyclad to its 
particular habitat. 

As regards the vertical distribution of this group on the 
British coasts, Leptoplana tgrcmellaris lias an extensive range, and 
appears to come from deeper to shallower water to breed. 4 In 
the upper pirt of the Laminarian zone, Cycloporus papillosus , 
and, among brown weeds, Stylochoplana metadata are found. At 
and below lowest water-mark Prostheceracus vittatus, P. argus 9 
and Eurylepta cornuta occur. Stylostomum variabile and Oligo- 
cladus sanyuinolentus, though occasionally found between tide- 
marks, especially in the Channel Islands, are characteristic, along 
with Leptoplana droebachensis and L, fallow, of dredge material 
from 10 to 20 fathoms. 

Locomotion. — Locomotion is generally performed by Poly- 
clads at night when in search of food, and two methods, creeping.. 

1 Cambridge Natural History , vol. iii. p. 74. 

2 Lang, ” Poly claden," p. 629. 

. . 3 Wheeler, Journal of Morphology , vol. ix. part 2, 1894, p. 195. 

4 Many Nudibranchiato Mollusca undergo this change of habitat. See tiaratang, i 
Journal of the Marine Biological Assoc . n.a. i. No. 4, 1890, p. 447. 
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and swimming, are usually employed — creeping by the cilia, 
aided possibly, as in the case of some Gasteropod Mollusca, by 
the longitudinal muscles of the ventral surface ; and swimming, 
by undulations of the expanded margins of the body. In the 
former case the cilia work in a glandular secretion which bathes 
the body, and enables them to effect their purpose equally well 
on different substrata. The anterior region is generally lifted 
up, exploring the surroundings by the aid of the tentacles, which 
are here usually present. The rest of the body is closely appressed 
to the ground. 

Swimming is particularly well performed by the Pseudoceridae, 
certain species- of Prostheceraem , the large Plunoceriduc, some 
Stylochoplana, Discoce/ls, and Leptoplama, and in the same manner 
as in Leptoplaria trcmrflaris (p. 9). In Cnjptocclis , Lcptoplana 


alcinoi, and I. pallida , how- ^ 

ever, the whole body executes a 

serpentine movements like an y Ivlfe 

active leech (e.g. Nephelis) ; a \ 

•cross section of the body would 
thus present the same appear- 

ance during the whole move- f 

ment. Many Polyclads, notal >ly ^ 

Anonym us (Lang), if irritated, \ /*** 

spread out in all directions, ^ ,-fOT 

becoming exceeding thin and 

JDiscocelis lichenoides , Plan- V jHL 
ocera graffii , and Anonymvs 
virilis have peculiar modes of Jmjjf 

progression. The first, accord- Jjm 

ing to Mertens, will climb up 

the sides of a vessel by means Fla «?^ 7) f scoc ^ w . Mer K < a ^ ep 

of the expanded lobes of the gloss vessel by means of the lobes of the 

pharynx (Fig. 9,3*), a habit of ^ tJISXjSXj Si 
Co ns iderable interest, since we Crustacea (a), and one lobe may then 

^ ' be withdrawn independently of the rest, 

know that certain Ctenopnores back into the body (ft). Tlie brain (ftr) 

— i Lampetia for instance pro- and. shell-gland (*/) are shown by trans- 

■*' . , ^ parency. 

grass when not swimming on 

the expanded lobes of their “ stomach.” 1 Planocera and Anonymus 


gloss vessel by means of the lobes of the 
extended ami exceedingly mobile phar- 
ynx (ph). These lol>es also Hcrve to enclose 
Crustacea (a), and one lobe may then 
be withdrawn independently of the rest, 
back into the body (ft). The brain (ftr) 
And. shell-gland (sy) are shown by trans- 
parency. 


Planocera and Anonymus 


1 Chtin, “Ctenophoren,” Fauna u. Flora O. v. Feapcl, Monogr. I. 1880, p. 180. 



*4 


PLATYHELMINTHES — TURBELLARIA 


o 


CHAP. 


creep by extending parts of the anterior margin and dragging 
the rest of the body behind. In consequence, the brain jiiid 
dorsal tentacles may come to lie actually behind the middle of 
the body, and thus no definite anterior end or “ head ” advances 
first. Along with this curious habit it may be noticed (Lang) 
that the radial symmetry of the body is well marked ; but even 
without accepting this author’s suggestion of the concurrent 
development of a " head ” with locomotion in a definite direction, 
the facts, whether these two forms are primitive or not, ore 
highly interesting. 

Food. — Though we are probably right in calling l’olyclads a 
carnivorous group, the food of very few forms lias lieen ascer- 
tained. Those which possess a large frilled pharynx (most 
Acotylea) probably enclose and digest large, and, it may be, 
powerful prey, us appears to be the case in Icptoplana tremel- 
laris. Cryptocelis alba lias lieen seen by Lung with the pharynx 
so distended, owing to a large Urcpanophorus (Nemertine) which 
it contained, as to resemble a yolk-sac projecting from the under 
surface of an embryo. The Cotylca such as Thysanozoon , with a 
bell- or trumpet-shaped pharynx, are fond of fixing this to the side 
of the aquarium, but whether they thus obtain minute organisms 
is not clear. I'roHthiostamum shoots out its long pharynx with 
great vehemence (Fig. 8, F) and snaps up small Annelids by its 
aid (bmg). Those Folyclads which, as Cyrloporua and others, 
are definitely associated with other organisms are not certainly 



Fra. 10. — Diagram of tlio musculature, 
causing peristaltic movements of the 
intestinal brandies of l’olyclads. 
(After Long.) 


known to feed upon the latter, 
though “ JHanaria rclellae” has 
been seen by Lesson 1 devouring 
the fleshy parts of its host. The 
salivary glands which open on 
the lips and the inner sur- 
face of the pharynx powerfully 
disintegrate the flesh of the prey. 
Digestion takes please in the 
main-gut, and the circulation of 
the food is accomplished by the 


sphinctral musculature of the 


intestinal branches (eonf. Zeptoplana , p. 13). 


A distinct vent or anus is always alment. After a meal the 


1 Seo Lang, “ Pol ycladcn,” p. 607. 
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Jaecal matter collects in the main-gut, ami is discharged violently 
by the pharynx into the water. In a few species, however, 
the intestinal branches open to the exterior (Lang). Yungia 
aurantinca , a large and abundant Neapolitan form, possesses 
such openings over the greater part of the dorsal surface ; 
Cyclojwrus papilfosus has marginal pores ; Oligoclmhis sanguine - 
lentus apparently assesses an opening at the posterior end of 
the main-gut; and Thysanozoon brocchii frequently rends at this 
point, in consequence', of the accumulation of food. 

Respiration. — The oxygen of the atmosphere dissolved in 
the sea-water is, in default of a special circulatory fluid, brought 
to the tissues of Polycluds in two ways. The ciliated epidermis 
provides a constant change of the surrounding water, by which 
the superficial organs may obtain their supply; find the peri- 
staltic movements of the digestive system, aided by the. cilia of 
the endoderm cells, ensure a rough circulation of the sea- water, 
which enters along witli the food, to the internal organs. The 
papillae of Thysanozoon brocchii, containing outgrowths of the 
intestinal branches, are possibly so much additional respiratory 
surface, although still larger forms Mother 1‘seudoceridae) are 
devoid of such outgrowths. 

Excretion. — The excretory system of only one Polyclad 
( Thysanozoon brocch ii ) is accurately known. Lang, by compressing 
light-coloured specimens, found the three parts of the. system 
known to occur in many riatyhelminthes : (1) the larger longi- 
tudinal canals, and (2) the capillary vessels, which commence with 
(3) the flame-cells in the parenchyma of the body. The inode of 
distribution of these parts is not, however, ascertained. The canals 
are delicate, sinuous, apparently intracellular tubes, coursing close 
to the margin of the body and sending offsets which suspend the 
canals to the dorsal surface, where possibly openings may occur. 
In dilatations of these vessels bunches of cilia, and occasionally 
flame-cells, are found. Usually, however, flame-cells occur at the 
commencement or during the course of tlic capillaries, which are 
straight, rarely branching, tubes of exceeding tenuity, and 
appear (Lang) to be outgrowths of the flame-cells, just us the 
duct is an outgrowth of a gland-cell. In fact there is little doubt 
that the stellate flame-cells are modified parenchymatous gland- 
cells, containing a lumen filled with a fluid into which a number 
..of cilia project and vibrate synchronously. The cells excrete 



i6 . PLATYHELMINTHES— TURBELLARIA * , c»af. ; 

nitrogeneous waste substances, which are then discharged into the 
capillaries, whence the cilia of the main vessels drive them pre- 
sumably to the exterior, though external openings of the excretory 
system are not known. Traces of this system have been observed 
in young Leptoplana (first by Scliultze in 1854) and also in 
Ccstoplana. 

Sensation. — A nervous sheath, with scattered ganglion cells, 

. everywhere underlies the musculature. It is exceedingly faintly 
marked on the dorsal surface, but laterally and ventrally forms 
a dense network with polygonal meshes. Thickenings of this 
sheath give rise to lateral nerves, and also to a pair of stout longi- 
tudinal nerves from which the internal organs are probably in- 
nervated. The brain, hardly distinct in pelagic Polyclads, in most 
forms does not differ greatly from that of Leptoplana (p. 13). 

The sense organs of Polyclads have the form of tentacles, 
eyes, otocysts (in Leptoplana otajihora ), and stiff tactile cilia. The 
solid dorsal tentacles of Plunoceridae contrast strongly with the 
folded or pointed hollow processes of the Cotylea. The former 
(Fig. 8, A, 'L 1 ) are muscular and very contractile, and are placed 
near the brain some distance from the anterior end. The latter 
are outgrowths of the front margin of the body, and are some- 
times ( Ywnyia ) provided superficially with olfactory pits and 
internally with eyes and intestinal coeca. 

The eyes which occur in Polyclads may be divided into (a) a 
pair of cerebral groups overlying the brain ; (h) those embedded 
in the tentacles (tentacular group) ; and (a) the marginal eyes, 
which in Anonymus occur all round the margin. A complex, 
form is sometimes assumed by the cerebral eyes of Pseudoceridae, 
resulting probably from incomplete fission (Fig. 11). Lepto- 
plana otophora was obtained by Schinarda on the south coast of 
Ceylon. On each side of the brain is a capsule -containing two 
otoliths. This is the only known case of the occurrence of 
these organs in Polyduds. 

Reproduction. — Although Polyclads are able to repair the 
result of injuries to a very considerable extent, they are not known 
to multiply asexually. The two processes are intimately associated, 
but, though probably all Turbellaria can regenerate certain lost 
parts, asexual reproduction only occurs sporadically. 

• All known Polyclads are hermaphrodite. The male organs, 
scattered, like the testes of Leptoplana , over the ventral surface, , 
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develop earlier than the ovaries, though the periods of maturation 
overlap ; hence the possibility of self-fertilisation, though remote, 
is still worth consideration. The genital apertures, through 
which, in the male, spermatozoa, and in the female, ova, are 
emitted, arc usually situated as in Lcptoplana (Figs. 2 and 5, 
<? and 9). In Trigonopoms , si genus once found at Naples, a 
secondary female aperture lias been discovered leading into the 
female genital canal 1 ; and in Anonymvs, Polypostia , and Tkysa- 
nozoon (Fig. 7, E, cf ) two or more male pores and penes have 
been found. Ammymus has several penes (Fig. 7, .I>, <$) 
arranged radially round the body. Polypostia , a remarkable form 
described by Bergendal, 2 belonging to the Aeotylea, possesses 



Fig. 11. — Double eye from the cerebral group of Pmuhtcnw maxiMun. (After Ijiuig.) 

about twenty such structures ranged round the female genital 
aperture. Lang, whose attention was attracted by these singular 
facts, made the interesting discovery that Thy&anozoon uses its 
penes as weapons of offence rather than as copulating organs, 
burying them in the skin of another Polyclud (Yungia) that 
happened to cross its path, spermatozoa being of course left in 
the wound. Lang further found that Prostkeceracvs albocinctvs 
and Cryptocetys alba in this way implanted a spermatophore in 
the skin of another individual of the same species, uml lie 
suggested that from this point the spermatozoa wandered through 
the tissues till they met with and fertilised the eggs. It 
is now known that a similar process of “ hypodermic impreg- 
nation ” occurs sporadically in several groups of animals. 8 

■ 1 Lang, “Polycladm," PI. 30, Fig. 8. 

T * Kongl. Fynogmf. Salfokapeta Handlingar , Bd. iv. Lund, 1892-93. 

■ ■ * Whitman, Journal of Morphology t vol. iv. 1890, p. 361. 
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Nevertheless, in some Polyclads it is probable, and in Stylo- 
chu8 w-apolitanu s it is certain, that normal copulation tykes 
place. The sperm-masses are transferred to a coccal diverti- 
culum of the female genital canal, and then by a delicate 
mechanism, of which we know only the effects, one sperma- 
tozoon obtains entrance into one matured ovum, which differs 
froiA tlie ova of most Turbellaria in that it contains in its own 
protoplasm the yolk necessary for the nutrition of the embryo. 
In other words, there are no bjkkmuI yolk-glands. After fertilisa- 
tion, the ovum in all Polyclads is coated with a shell formed by 
the shell-gland, which also secretes a substance uniting the eggs 
together. They are deposited on stones and shells, either in 
plate-like masses nr in spirals (like those of Nudibranchs). 
Cryptwd is ttlha lays masses of an annular shape, with two ova 
in each shell, and buries them in sand. 

Development . 1 — The first stages ill the embryology of 
Polyclads appear to be very uniform. They result, in all 
Cotylea and in certain Planoceridae, in the formation of a 
Midlers larva (Fig. 12) about a couple of weeks after the eggs 
arc laid. This larva (1-1‘8 nun. long), which is modified in the 
Planoceridae, is distinguished by the presence of a ciliated band, 
running somewhat transversely round the body, and usually 
produced into a dorsal, a. ventral, and three pairs of lateral 
processes. When swimming the body is placed as in Fig. 12, 
and twists round rapidly about its longitudinal axis by means 
of the strong locomotor cilia placed in transverse rows upon 
the processes. The cilia of each row vibrate synchronously, and 
recall the action of the swimming plates of a Ctcnophore. It 
is noteworthy that whereas Stylochus pilidinm pisses through 
a modified or, according to some authors, a primitive larval 
stage, its near ally, S. nrajjolitanus, develops directly. Most 

1 A full account of Polyclmi development 4 contained in Lang's 11 Polycladcn” 
with references to tlio literature of the subject. Since the date of that work (1884) 
the embryology of Ctcnophoru lias become better known, but, though the segment- 
ation of the egg and early stages of development arc very similar in both eases, 
the elaborate investigations of £. B. Wilson (Juum. Morphology , vol. vi. p. 861) 
show that the segmentation of Polychaet worms is again similar. Tho-questlon of the 
affinities of the Polycladida is also discussed by Lang (“ Polycladcn" p. 642 et seq .). 
The work of the last decade has neithor proved nor disproved his suggestion that . 
the Ctenopliores and Polyclads have been derived from common ancestors. On this 
subject the remarks made by Hatschek ( Lehrbuch d. Zoologic , p. 319) are some of 
the weightiest that have appeared. 
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Adotylea indeed develop directly, and their free-swimming young 
differ from Muller’s larva merely in the absence of the ciliated 
band and in the mode of swimming. 




Flu. 12. — Section through 
Muller's larva of 77///- 
saitozuou hrocvhU 
(modified from Lang). 
The right hall' is seen 
from inside. x lf»c). 
Sc mi-d ingrain mu tic. 
tn\ Krai ii ; ///, dorsal 
ciliated lohc; th\ saliv- 
ary gland-cclls of jihar- 
yiix ; f. e\e : «■/*, cili- 
ated epidermis contain - 
i ii K rlialiditus ; #»#»/, 
stomach or muiu-giii ; 
ft/r/i, impaired gut 
hraiich over the brain ; 
wm, "mouth ' of larva; 
if. ff|, section of nerves ; 
tn\ eo toiler in ic pit 
forming oesophagus of 
larva ; ////#■, pureii- 

chyma tilling the space 
between the iiliiiielitnry 
tract and the body 
wall ; ////, pharynx 


lying in tlio cavity of the peripharyngeal Bheatli, the. nuclei of which are visible ; x( if 
si.# sl& lateral ciliated lobes of the right side ; d ventral ciliated lobe. 



Flu. 13. — Diagrammatic transverse sections 
of a larval Poly clod at ditferent stages, 
to illustrate the development of the 
pharynx. (After Lang.) A, Larva of the 
eighth day still within the shell. Thu 
main-gut (/////) is stillsolid, the epidermis 
is slightly in vaginated, and a pair of mus- 
cular niesoderiiiic thickenings (ms) are 
present. B, Young pelagic larva. The 
epidermic invagination has deepened 
uiid developed laterally. G, The lateral 
pouches have formed the wall of the 
Iieripharyiigeal sheath, enclosing the 
lucHodcrmic, muscular, thickening or 
pharyngeal fold iph). (< 'ompnre Fig. 1 2. ) 
Towards the end of larval life, when 
the ciliated processes (*/, Fig. 12) have 
aliorted, the stage D is reached. Ky 
the o]>enii]g outwards of the pharyngeal 


sheath (ph.*h) the two apertures ym % or true mouth, and i w, or extenial mouth, are 
formed, which together correspond with the oesophugeal opening of the younger larvu. 
(Compare tlic transverse section in Fig. 5.) 


Polyclads possess an undoubted mesoderm, which gives rise 
to the muscles, the pharyngeal fold, aud the parenchyma. The 
ectoderm forms the epidermis, in the cells of which the rhab- 
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dites (Fig. 1 2) arise, apparently as so many condensed secretions. 
From the ectoderm the brain arises as two pairs of ingrowths, ' 
which fuse together, and from these the peripheral nervous system 
grows out. Three pigmented ectoderm cells give rise, by 
division, to the eyes — an unpaired cell (Fig. 12, e) to the cere- 
bral group of eyes, and the other two to the marginal ajid 
tentacular groups. The copulatory organs apparently arise to a 
large extent, as ingrowths from the ectoderm, from which the. 
accessory glands (prostates, shell-glamls) are also formed. The 
endoderni forms the lining of the main-gut and its branches. 
The pharynx is develojxed as in Fig. 13, which shows that the 
“ mouth ” of the young larva (0) does not correspond exactly with 
that of the adult (I>). The salivary glands arise from ectoderm 
cells, which sink deeply into the parenchyma. The reproductive 
organs (ovaries and testes) possibly arise by proliferation from 
the gut-cells (Lung, v. Graff). The change from the larva to the 
adult is gradual, the ciliary band being absorbed and the creep- 
‘ ing mode of life adopted. 

Turbellaria. II. Tricladida. 

The Triclads are most conveniently divided into three groups 1 : 
(i.) Paludicola , the Planarians of ponds and streams; (ii.) the 
Mnricola , the Triclads of the sea ; and (iii.) Terricola or Land 
Planarians. From the Folyclads they differ in their mode of 
occurrence ; in the elongated^ form of their body and almost 
constant, mid-ventral iwsition of the* mouth ; in possessing a 
single external genital pore (Monogopora) ; and in the production 
of a few, large, hard-shelled eggs provided with food-yolk. 

Occurrence of the Paludicola. — The Planarians of our ponds 
and streams are the most familiar and accessible Turbellaria. - 
Their elongated, flattened bodies, and gliding movements, render 
them conspicuous objects on the under surface of stones and on 
the leaves of aquatic plants, where they live gregariously. ,The 
variable Polycelis nigra (Fig. 14, H) is very abundant in stagnant 
water und slowly-moving streams, whereas its ally, P. cornuta 
(Fig. 14, G), distinguished by a pair of tentacles, is more local. 
Planaria (. Dendrocoelum ) lactea (A), P. polychroa (I), P. torija, 
and P. punctata are not infrequently found together, but the last v 

1 Halloz, Revue Biologique du Nord de la France, tom. ii. 1889-00. 
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. it at onoe the largest and rarest. Planaria alpina (Fig. 14, B) 



-Fig. 14. — Forms of Tridads, with the distinguishing specific characters of certain 
British forms. A, Planar in Utc.tea 0. F. M. f x 2 ; B, Planaria alpina Dana, x 4 
(after Kennel) ; C, P/unjocata gracilis Leidy (after Woodworth), x 6 ; C\ the same 
with the pharynges (ph) extruded ; D, Uunda ulvae Oer., x 4 ; E, Platutria 
ganocephala Dug. (after Schmidt), x 4 ; F, genitalia of i/unda itlme (after Wendt) : 
G, head of Pulgcclis comuta Hchm. ; H, head of Pdyvrlis nigra Elir. ; I, head of 
Planaria jxrtyrhrw Schm. K to N show the distinctive characters of the genital 
ducts in K, Pdycelix nigra ; L, Planaria polychroa ; M, Planaria alpina ; N, 
Planaria t&rva Schultze (after lijinia and v. Kennel), ga, Genital atrium; go, 
common genital opening; mgr, “ musculo -glandular organ ” ; mo, “mouth" ; 

■. wd, oviduct ; pe, penis ; ph, pharynx ; pgr, pyriform organs of unknown eignift- . 

.ounce ; sc, sucker ; sp, sperrnatophore lying in (ut) uterus ; vd, vesicula semiu^li*. 

H (All except C and E are found in England.) 

is characteristic of cold mountain streams, but occurs down to 
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sea-level in England, the Isle of Man, and Ireland, and from itfs 
abundance in spring water, probably enjoys a wide distribution 
underground. In the Swiss Alps it has been found at altitudes 
of over 6000 feet, at lower levels in the Rhone, and also in the * 
Lake of Geneva. This wide distribution limy perhaps be accounted 
for, partly, by its faculty for asexual reproduction in summer, and 
also, by the production, later ill the year, of hard-shelled eggs which 
are. laid loosely, not attached to stones or plants. 1 Hut we have 
no really direct evidence of the means of dispersal of this or of 
any of the foregoing species, although they all have a wide 
distribution in Europe. Of extra-European forms the accounts 
that exist arc very fragmentary. The only indubitable diagnostic 
character of a Trie-lad is the structure of its genital ducts, and 
this is accurately known in only a few eases. Several species 
such as Dicotylus jnihinar (Fig. 16, 11), at present known only 
from Like Baikal, 2 and others (Planar in virazrkii , J\ ulhissinut) 
from Bohemia,* will doubtless be found elsewhere when they are 
carefully looked for. Phayocata. yracilis is a remarkable North 
American form, possessing several plmryngcs (Fig. 14, V and O'), 
recalling the independent movement of the pharyngeal lobes of 
Discocdis lic/tenoitlrx (Fig. 9). 4 

Occurrence of the Maricola. — Little as we accurately know 
of the distribution of the fresh- water Hunariae, our knowledge 
of the occurrence of the marine forms is still more limited. 
Gumla (Procrrurff’s) vlvae (Fig. 14, D) is the commonest European 
form, occurring abundantly in the upper part of the littoral zone, 
on the shores of the Baltic. G. seymentata from Messina has 
been carefully described by Lang/* but these arc almost the only 
species of Maricola which can be accurately determined. They 
differ from the I’aludicola in the position of the "uterus” behind 
the genital pore and in the absence of a “ musculo-glandular 
organ ” ( Fig. 1 4, F). A special interest attaches to the Bdellouridae, 
a family containing three species, all parasitic on LiwitJ us from the 
east coast of America. These remarkable Triclads usually have a 
sucker at the hinder end of the body, by which they attach 
themselves firmly to the cephalo-thoracic appendages and to the 

1 Voigt, ZtmL Anz . xv. p. 238. 

a Onihc, ArrJrirf, Xatunjrschichtc, 38 Jahrg. Bd. i. 1872, p. 273. 

3 Wjdovsky, Zr.it sehr. /. in as. Zuoloyit , Bd. lx. 1895, p. 200. 

4 Woodworth, Bulletin Mas . Comp. Zoology , Harvard , vol. xxi. No. 1, 1891- 

* Mitth. Zoul . Stut . Xinpi 7, 1882, p. 187. 
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gill-plates, upon which the eggs may t>e found in considerable 
numjpers. One species, Syncoelidium pellucidum , possesses a pair 
' of problematical organs in the hinder part of the body, opening 
to the exterior ventro-laterally by a couple of cliitinous mouth- 
pieces, but having no connexion with the genital ducts. 1 

Occurrence and Distribution of Land Planarians. — The 
terricoloiiH Triclads or Land Planarians are the most interesting 
division of the group. Some forms, such as Bipalium Incense, 
attain large dimensions, being usually 6 to 9 inches in length, 
And specimens fully extended have measured 18 inches. Their 
bodies are frequently banded or striped with brilliant colours. 
Geoplana coerulea Mos. lias a blue ventral surface find is olive 
green or da irk Prussian blue above. G . splcndens Dendy, iH 
marked dorsally by three stripes of emerald green alternating 
with four dark brown longitudinal bands. The mode of colora- 
tion, though somewhat variable, is an important specific char- 
acter. Its significance, however, is not clearly understood. The 
colours may be a warning signal, as some Geoplana at least are 
disagreeable to the taste of man and some birds 2 3 * ; but since 
Land Planarians are largely nocturnal animals, living by day 
under logs, banana leaves, and in other moist and dark situa- 
tions, this explanation is clearly insufficient. Two Geoplana. 
have been noticed by Mr. Dendy which seem to be protectively 
coloured. G. triangulate var. australis occurs abundantly in the 
beech forest in the South Island of New Zealand, and its brown 
back and yellow or orange ventral surface match the leaves around 
its haunts. G. gelaMnosa. again looks like a mere slimy patch on 
the rotten bark where it is found. In arid districts, during the 
dry season, Land Planarians burrow in the soil and form a cyst, 
in which they lie coiled up, after the manner of earthworms. 11 
The glutinous investment of their delicate bodies forms a moist 
medium in which the cilia covering the body (and especially the 
ventral surface) may constantly and evenly vibrate, and by 
which they adhere firmly to their prey. In some tropical Plan- 
*arians, in addition to possessing offensive properties, the mucus 
is. so copious in, amount and hardens with such rapidity, that 

1 Wheeler, Journal of Morphology, vol. ix. 1894, p. 167. 

* 9 Dendy, I'rans. Roy . Hoc. Victoria 1890, p. 65 ; Id. Austral. Assoc. Brisbane,. 

1893, “ Presid. Add. to Sect. D," l». 15. 

3 llarwin, Aiyn. and Mag. Mat. Hist. vol. xiv. 1844, p. 241. 

.VOIi. It* . 
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these Triclads may creep over bridges of it, and may even *be 
blown from one stem or branch of a plant to another, hanging at 
the ends of their threads. 1 

In Europe there are only two or three indigenous Land Plan- 

arians, of which Ixhynv.hodemus 
trnm/ris 0. E. M. (Eig. 15, B) is 
tlie most widely distribut( k d, and 
has liecn found in moist situa- 
tions for the most part wherever 
it lias lieen carefully looked for. 
It measures about £ inch in 
length, and is dark grey above, 
whitish below, and bears a pair of 
eyes near the anterior extremity 
( Fig. 15, B). JiijHiJiam ketrrnse 
(Eig. 1 5, A ), which has linen found 
in the forests of Vpolu, Samoa, by 
Mr. J. J. Lister, has been accident- 
ally imported, from the (unknown) 
districts where it is indigenous, 
with plants and soil to various 
parts of the. world — England, 
Germany, the. (/ape, and also to 
Sydney, where it appears to have 
established itself. In these 
* ( nit it ); B, RhyiH'hu- Bipalia living in hothouses, the 

tf ntt us tern’s/ r is O. F. M., x i> ; C, 1 . ® * 

< / codes m us hiliueutus Metsrh., x genitalia never appear to attain 
(aftiT Metsclimkoff). vir. Region of maturity, and apparently multiple 

mouth ; yp 9 region of genital pore. J ' 11 J * 

fission and subsequent reparation 
of the missing parts is the. only mode of reproduction. Geodexmus 
hilinetitus (Fig. 15, C 1 ), which has occurred at Giessen, Wiirzburg, 
and Dresden, has, in all probability, been introduced with ferns 
from the West or East Indies. Microplana hv-mieola , described 
by Vejdovsky from dunghills in Bohemia, is doubtfully indigenous. 

Tu marked contrast with the poverty of the temperate zones* 
in Dtnd I’lunnriuns, is the abundance and great variety of this 
group in Southern Asia, South America, and especially in 
Australasia, where tin 11 rich Land Planarian fauna has been care- 
fully investigated by Spencer, Dendy, Eletch^r, and others, in * 
1 Shipley, /W. Camb. /VivV. Sue. vol. vii. pt. 1, 3801 (with literature). 



Fia. 35.— Sfoniu Land Plnmivums found in 
Europi*. A, Hipalutm keirrusc Moh, 
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certain parts of Victoria, New South Wales, and New Zealand. 1 
■ About forty species of Planarians have been discovered oit the 
Australian continent, thirty-five of which belong to the pre- 
dominant genus Gcoplana , distinguished by the presence of 
numerous eyes along the border of the simple anterior extremity. 
Of the remaining five, four l>elong to the genus Jtltynrhodcmus, 
with, lastly, the introduced Bipalium knrcnsc. The distribution 
of any one species, however, is so limited that only three forms 
are common to the two former colonies ; and although some of 
the twenty known New Zealand Planarians (chiefly species of 
GeopUma), are identical with Australian species, yet only one, or 
possibly two, varieties of these species fire* Australian also. Tn 
addition to their prevalence in Australasia, the Gtvpla nidac also 
occur in South America, South Africa, Japan, find the East Indies. 
The Bipaliidac are characteristic of the Oriental region, being 
fouud in China, Borneo, Bengal, and Ceylon. The fihynchodc- 
midae are a cosmopolitan family, occurring in Europe, North and 
South America, the Cape of (food Hope, Ceylon, the Efist Indies, 
Australia (particularly Lord Howe Island), and Samoa. 2 

Habits and Structure of Triclads. — The common Planaria 
( 'Dendrocvelum ) lac tea, which usually progresses by ciliary action, 
aided, it is said, by muscular contractions of the ventral surface, 
performs, if alarmed, a series of rapid “looping” movements, by 
affixing a sucker (Fig. 14, A, sc), placed on the under* side of t he 
head, to the substratum, and pulling the posterior end close to 
this. The sucker, discovered by l^eydig, is even better developed 
in P. punctata (Fig. 1(5, A), P. mrazrkii, and P. cacatka , find is 
an efficient adhering-organ which has probably been developed 
from a similar but simpler structure found in a considerable 
number of botli fresh-water find marine Triclads (P. al/nna , Fig. 
16, E). Probably the sucker of the l^and Planarian Gotytoplana 
(D) is the same structure, but the two suckers of Dicotylvs (B) 
are at present unique. Planaria dioica, found by Claparede on 
the coast of Normandy, 3 is covered with minute adhesive papillae, 

1 Trans . Huy. Sue. Victoria from 1889 onwards. Trans . New Zealand Institute , 
1894-95. 

3 Moseley, Phil. Trans. 1874, p. 105 ; Id. Quart. Journ. Jlicr . Sei. vol. xlvii. 
1877, p. 273 ; Loman, Bijdrag tot d. Dierhunde, Aflcv. 14, 1887, p. 71 ; Id. Zool. 
JSrgeb. ein. Reise in Niedtr- Ost-Indien, Hft. 1, p. 131 ; Buddaril, Zoogeography , 
1895, p. 53. 

3 Beobachtwngen il. Anal. u. Entwickcl. an der Kustc von Normandie , 1868, p. 18. 
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similar to those of certain Rhabdocftelida (e.g. 3 fonotus, Fig. T9, * 
D), Ambling it to ding tightly to the Zostera , and so to Resist 
the loosening action of the waves. 

The movements of Land l’lanarians are somewhat peculiar. 
Tlie ventral surface of BvpaHum has a median groove, into 
which the ducts of numerous mucus-glands open. This is 
bordered by two ridges clothed with long and powerful cilia, 
which i>crfbrm the chief part in propelling the animal, aided, 
according to Lehnert, 1 by muscular waves which pass from the 

Fia. 16. — Suckers of T Tri- 
elada. A, Planaria 
punctata Pall. ; a, dorsal 
surface of head ; b 9 veu- 
tral surface (freely mov- 
ing) showing the sucker ; 
r, sucker contracted ... 
(after Hnllcz) : B, ven- 
tral surface of head of : . 
Dicot i/lus pulcinar Gr., 
from Lake Baikal (after 
Griilic): C, dorsal sur- 
face of Procotylea fluvi - 
ulilis Gir. (after Girard) : 
D, sucker of Coft/fo})lana 
irk itvlinji/ci Sp. (after 
Spencer) : E, ventral* 
view of head of /Van- 
aria afpina Dana (pre- 
served specimen) ; hg y . 
adhering groove ; m, 
thickened musculature 
forming the margin of 
the sucker ; sc, sucker 
/, tentacles. 

head, backwards, i.e. opposite in direction to those by which a- 
snail slides ' along. This observation, however, needs eonfirma-. 
tion. The whole body executes sinuous movements, during which/ 
the crescentic bend, lifted slightly above the ground (Fig. 15, A),, 
is constantly altering and regaining its normal sluipe, somewhat 
as a Planaria laotea uses the lobes of its head. Further ex- : 
uininution shows that the murgin of the head of Bipalium is. not/ 
only provided with eyes, but in addition, with ciliated, (probably), 
olfactory pits. Such depressions, innervated directly from thfr* 
cerebral ganglia, have been found in sixteen species of Oeoplotna,' 
1 Arehiv f. Xrt t u rgesch ichte, 57 Jiilirg. Htl. i. Hft. 3, 1891, j>. 808. v r jjlj: 
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' and in one or two species of Bhynchoderhus } Some liind 
Planarians ' (a species of Rhynchodcmns from Ceylon, And a. 
Dohchoplana from the Philippines) wriggle out of a box or the 
'hand with great speed (Moseley). 

The skin of Triclads is full of minute rods or rhubdites. 
which are shot out in great numbers when the animal is irritated, 
and doubtless serve an offensive purpose. The Terricola possess 
two kinds of these: (1) needle-like rods; and (2) in Bipnlium 
kewense , flagellated structures, bent into a Y-form and with a 
slender thread attached to one end (Shipley). In Gcvp/rma 
coerulea these bent rods furnish the blue colour of the ventral 
surface. The rhubdites arise in all Triclads in cells below the 
. basement-membrane, which they are suid to traverse in order to 
reach the epidermis, thus differing in origin, and also in struc- 
ture, from the rods of Polyclads. 

Food. — Triclads are largely if not wholly carnivorous animals, 
feeding upon Annelids, Crustacea, Insects, Insect-larvae, and Mol- 
, luscs. The mouth is usually mid-ventral or behind the middle 
of the body, but in the anomalous Lcimacopsis terricola Schm. 
from the Andes 2 and in Dolichoplana it is near the anterior end. 
The pharynx (Figs. 17, 18, ph) is cylindrical or bell-shaped, 
exceedingly dilatable and abundantly supplied with glands and 
nervous tissue. It opens into the three main intestinal brandies, 
one of which runs in the median plane forwards, the others back- 
wards right and left, enclosing a space in which the genital ducts 
lie (Figs. 14, A, 17). The fresh-water Planarians prey upon 
Oligochaeta, Hydrophilidae (aquatic beetles), and the commoner 
„ pond-snails. Bipnlium kewense pursues earthworms, seizes the 
upper surface of the anterior end by the glutinous secretion of its 
ventral surface, and then proceeds to envelop part or the whole 
of the worm within its pharynx, which is stretched as a thin skih 
oyeir the body of its struggling prey (Lehnert). The tissues of 
the latter pass into the intestine of the Planarian, and distend it 
greatly. After such a meal, which lasts from one to five hours, 
a Bipnlium may remain for three months without seeking food. 
Qeobia mbterranea, a white eyeless form from Brazil, pursues 
earthworms {Lumbricus corethrurus) in their burrows, and has 
‘.been seen by Fritz Muller sucking the blood out of a young 

' 1# 1 Bendy, l*roc, Roy, Soc. Victoria , vol. iv. n.s. i. 1892. 

V V :**. ? Selpnarda, New wirbelloee Tfrier'e, Leipzig, 1859, I. i. p. 30. 
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worm. 1 Geoplana typhlop s, a Tasmanian species, is also blind, 
and pursues worms, as does G. tnangulata (I)endy). In Trinjidad, 
von Kennel a observed tliat land-snails (Subulinac) were the food 
of certain Lund Planuriuns, the name of which, however, he does 
not state. The pharynx was employed to suck out the soft pu ts 
of the snail even from the upper whorls of the shell. 

Reproduction. — In JHanaria lactea the numerous testes (Fig. 

* 17, te) are placed both above and below the alimentary canal 
throughout the greater part of its course. The membrane 
of each gonad is continued into a minute vas elfereus, which 
unites with those of neighbouring testes. Two vasa deferenjia 
(v.d) arise thus on each side, one from the posterior, the other 
from the anterior testes of the body, and. open into the vesicuhie 
seniinales (m), which may ]>c seen in the living animal as tortu- 
ous whitish tubes at the sides of the pharynx (Fig. 1.4, A). These 
open into the penis (Figs. 14, A; 17,^0, a large pyriform organ, 
the apex of which, when retracted, points forwards, projecting 
into the ]>enial cavity. When this apical portion is evaginated 
and turned inside out, it is of considerable length, and is able to 
pass into the long slender duct of the uterus (//*) of another 
individual. The puiiul sheath (px) is part of the genital atrium 
(gs), which is developed as a pit from the skin, and invests the 
end of the genital ducts, the mouth of the pit forming the common 
genital pore (jjo), through whicli both male and female genital 
products are emitted. 

There are two ovaries (ov) placed far forwards, between the 
third and fourth pairs of intestinal coeca. The oviducts (ore?) lie 
just over the lateral nerves, and have a slightly tortuous course, 
at each outward bend receiving the duct (go) of a yolk-gland 
(gg), so that ova and yolk, are already associated when the oviducts 
open by a short unpaired tube into the genital atrium. The 
yolk-glands develop rapidly, 8 and when fully formed are massive 
glands occupying the spaces between the intestinal branches and 
the testes which are then aborting. The so-called uterus (ut), 
apparently at first a diverticulum of the genital atrium, expands 

1 Abhandl. d. Naturf. Oescll. zu Halle , Bd. iv. 1857, p. 38. 

9 Aib. Zool.-Zoot. Instil. IVilrzbnrg, Bd. v. 1882, p. 120. 

3 Woodworth {toe. tit. p. 38) states that in Pkagocata tlio yolk-glands arise * 
by proliferation from two parovaria, placed just in front of the ordinary ovaries, 
lyiina, however {Ztitschr. f. wins. Zool . Bd. xl. 1883, p. 454), regarded them as 
derivatives of the ]>arciiehynia. 





Kio. 17. — Diagrammatic view of the 
structure of Plano ria {Dvmlro- 
. Ctrl inn) lactva . x 7. The body 
Iiiih been cut across And a por- 
tion removed. In the posterior 
half the alimentary tract of the 
left side is removed and the 
uterus, penis, and muscular organ 
sliced open horizontally. The 
nervous system is represented by 
black, and the yolk -glands by 
dotted lines. ht % Brain ; e//, eye 
with lens and optic nerve ; //«, 
external genital aperture for lsitli 
male ami feinAle products ; flw, 
genital atrium ; /#/, paired lateral 
intestinal brunch ; ///.longitudinal 
nerve ; «///, unpaired anterior 
intestine, tliu branches of which 
arc cut off close to the main 
stem ; uo/r, evcrsible “ musculo- 
glandular organ ” ; »/#■, ncrve-cells 
iu the pharynx ; ?in, lateral 
nerve -twigs ; v/s, nerve - sheath ; 
or, ovary ; mv/, oviduct ; pc, 
the cversible penis, the corru- 
gated inner white portion of 
which is the apex ; j/h, pharynx ; 
jtlia, pliaryngeul sheath ; jvr, 
11 prostate ” or granule-gland (re- 
presented by dotted lines opening 
into the penis) ; />*, penial sheutli ; 
/c, testes ; to, tactile lobe of the 
head ; W, “ uterus ” opening into 
the genital atrium just above 
wf/r ; tv/, vasa deierentia ; vs, 
YcsiculA seminalis ; yy, yolk- 
glands ; yo, openings of the yolk- 
ducts into the oviducts. 
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' vbehind the pharynx into a receptacle lined by long glandular; 
columnar cells, which, however, tire not all of the same kind.- 
The uterine duct opens into the atrium just above the aper- 
ture of a problematical, eversible, “ musculo • -glandular organ” 
(mgr). * 

Fertilisation appeal’s to occur in the uterus, where ova, yolk, 
and spermatozoa, or (in P. larva) spermatophores (Fig. 14, X, sp\ 
are found. The formation of the cocoon in Planar ia lactea is 
probably begun in the * uterus” but is undoubtedly completed 
in the genital atrium. In P. polyrhroa, however, the stalked 
cocoon is formed wholly in the “ uterus.” Thus we Hud # two 
types of cocoons in different species of the genus Planaria 
associated with two types of reproductive organs (Hullcz) : — 

I. Planariae in which the two oviducts open separately into 
the posterior part of the duct of the uterus. A musculo-glandulur 
organ is absent. The cocoons are spherical and stalked. Ex- 
amples — Planaria polychroa (Fig. 14, L), P. albi&sima , P. 
gonocephala. 

H. I’lanuriae in which the two oviducts upon by means of an 
unpaired duct into the genital atrium. A musculo-glandular 
organ present (Planaria turra (Fig. 14, N), P. mrazekii , P. lav tea, 
P. cavatica), or absent (P. alpina , Fig. 14, XI). The cocoons 
are sessile. 

The genitalia of the Muricola (Fig. 14, F) and Terricola do 
not differ very much from those of Planaria. The uterus (greatly 
reduced in the Land rianarians) lies behind the genital pore, 
and several ova, together with much milky yolk, are enclosed' in 
a capsule which is formed in the genital atrium. 

Asexual Reproduction. 1 — It has long been known that fresh- 
water Planurians have not only great powers of repairing injuries, 
but that they use this faculty in order to multiply by transverse 
fission. Planaria alpina ami Polycefis rornnta, in summer, 
separate off the posterior pirt uf the body, and this ultimately 
becomes an entire individual. P. allnssima , and especially P 
subtentaculata , anticipate matters so far, that before fission is, 
complete, the new individual has a head, nearly fully formed. . 
The new organs are largely regenerated in both parent and young, 

1 The extensive ‘literature on this subject is fairly completely summarised by 
Voigt in Jlinl. Ccntralblatt , vol. xiv. Nos. 20, 21, 1894. Faraday's observations 
(cf. p. 6, note 6) have been generally overlooked. . ^ 
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apparently by the division and specialisation of scattered bm-\ 
bryonic cells in the parenchyma. The asexual reproduction of 
Land Planarians is not fully proved, though it is known that 
they, repair injuries to the lx)dy completely, and that Bipalium ' 
hewenge is often found in hothouses, divided into fragments which 
regenerate all the organs of the parent, but like the latter, do not 
mature their sexual organs. 

Excretion. — The excretory organs of Triclods consist of flame- 
cells, canaliculi, and a pair of longitudinal canals, the external 



Fia. 18 Semi-iliagranimatlc view of the excretory system of Ptanarut laden. (Pertly 

after Chickoff.) can, Chpillary network on both doraal and ventral surfaces ; /y.ftr, 
branches of the intestine ; hj, lateral brauches of the digestive system ; hi, longi- 
tudinal nerve ; pk, pharynx, witli intermuscular capillary excretory network arising 
' from the point marked phi ; tp , principal vessels of the excretory system, the 
external opening of which is not certainly known ; va, vesiculn seiuinalis. 


openings of which, have not been satisfactorily ascertained. The 
flame-cells are difficult to detect in Plamria lac-tea, and the latest 
observer, Chickoff, 1 was unable to see them, although to him we 
lire indebted for figures of this system in P. lactea (Fig. 18) 
and P. alpina (P. Montana). In the latter, the flame-cells are 
. distinct, and may open directly into the two main canals or 
■ indirectly through unbronchcd canaliculi. The pharynx possesses ' 
a special supply of excretory tubules couuuuuicating with the 
ipain canals. A similar system has been described and figured 
in GunSa aegmentuta by Lang. 4 

1 Archives d. Biologit , tom. jcii. 1892, p. 487. 

* Mitth. Bool. Slat. Neapel, Bd. iii. 1882, p. 187- 
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Glassification of Tricladida. 

l'ALUDICOLA. 

Family. GonuH and Brit hi i Specieii. 

Plana K i I dae . . Planaria fitctra 0. V. M., 1\ punctata Pall., P, polychroa 

Sulim., P. ton'd M. Sell., P. afpina Dana. * 
Po/ycr/is niyra £ hr., P. comuta Sclnu. 

AnoeeJis. 

Oliyucelis. \ Doubtful 
Pmcntyla. J guuuru. 

Norocclis. 

Dicut y Jus. 

MAR1C0LA. 

. Pr or erotics ( = friinda) ulvat Ours ted, P. liltoralis van 
Hciiedcu. 

Cere lira. 

Uteriporus. 

. JidrUoura. 

SyncoeUdi mu. 

TERRI CO LA. 

Bl PALI I DAE . Jiipalium kewense Aluseley (introduced). 

(tKOPLANIDAE firojdanct. 

f/rodrsmus. 

Riiyxchodemiijak . Jihytic/toticutns terrestris O. F. M. 
f DoHcJiOfrftf ua. 

Belonging to undeter-J Polycladua. 
mined Families | Microplarm. 

I Lciuiacupsis. 


Turbellaria. III. Rhabdocoelida. 

The Rhabdocoelida include a very heterogeneous assemblage of 
usiuilly minute Turliellaria, distinguished collectively from the 
Folyclads and Triclads by the form of the digestive tract. • This 
is a simple or slightly lobed sac, except in the Bothrioplanidae, 
which in this and many other points closely resemble the 
Triclads. It is to the straight, rod-like nature of the alimentary 
canal that the name of the group refers. The size and form of 
the body, and the structure of the pharynx and genitalia, vary 
within wide limits. 

The Rhabdocoelida urc subdivided into three tribes : — 

(1) Avocla , in which a sub-central mouth and pharynx are 
present, but lead into the parenchyma of the body, not into an 
intestine with proj)cr walls. An excretory system has not 
hitherto been seen. Yolk-glands are al>sent. An otolith under- 
lies the brain. The Acacia are marine. 


PllOCEROnftiAE . 
(=Gumlidau). 

Bdellouiudak . 
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(2) RJutMnaoela, which possess a complete alimentary tract 
separated from the body-wall (except for a few suspensory 
strands) by a space or body-cavity, filled with fluid. This space 
is sometimes ( Vortex viridis) lined by an endothelium of flattened 
parenchymatous cells. There are two com]>act testes, which are 
enclosed (as are the ovaries and yolk -glands) in a distinct 
membrane. An otolith is present in. some genera and species. 
Terrestrial, fresh-water, marine. 

(3) Alloeocoela , in which the body-cavity is greutly reduced. 
Except in the Bothrioplanidae, the gonads have no distinct mem- 
brane. Testes numerous ; yolk-glands present. Marine with a 
few exceptions. 

Occurrence and Habits of the Rhabdocoelida. — The 

Acocht are usually minute, active Turliellaria abounding amongst 
weeds throughout the lower half of the Littoral, and the whole 
of the Laminariau zone, but aFe most plentiful in the pools 
exposed during spring-tides on our coasts, esjwcially on the shores 
of Devonshire. The species of Ihiplodiseus, however, and Convoluta 
hense.jii are modified pelagic forms found in the Atlantic Ocean. 1 
Convoluta imradam (Fig. 19, B) is the commonest British species. 
It is from 1 to 9 mm. in length, and of a brown colour, marked 
above by one or more transverse white liars. The brown colour 
is due to a symbiotic alga, the nature of which has not been 
thoroughly investigated. In an allied sjiecies, however (JJ m 
roseoffensia ), from the coast of Brittany, the alga, which is here 
green, has been carefully examined by Professor Haberlandt, 2 and 
it appears from his researches that the algae form a special assimi- 
lating tissue, enabling the Convoluta to live after the fashion of 
a green plant. At Boscoff, these elongated green Convoluta live 
gregariously in the sandy tide-pools, fully exposed to the sun’s 
rays, and have the appearance of a mass of weed floating at 
the surface of the water. Access to the atmosphere and to sun- 
light are -necessary in order to enable the assimilating tissue to 
form the carbohydrates, upon which this form lives exclusively. 
Not only has the alga itself undergone such profound changes 
(loss of membrane, inability to live independently after the death 
of the host) as to disguise its tr.ue nature (a tissue-cell derived 
from algal ancestors), but the Convoluta has also undergone con- 

1 Biihmig, Ergebnisse d. Plankton Expedition, Bd. ii. H. g. 1895. 

9 von Graff, Die Acoela , Leipzig, 1892. Appendix. 
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* comitant changes, in form, in the loss of a carnivorous habit/ 
and in the development of marked heliotropic movements, thus 
adapting itself to an liolophytic or plant-like mode of nutrition* 
Nevertheless the Acoela, as a group, are carnivorous, feeding 
upon Diatoms, Cbpepoda, and small lthabdocoela,^he absence, of 
a digestive tract indeed being probably more apparent than 
real . 1 

The Bhabdocoela live under varied conditions. One form. Pro- 
rhj/nchus sphyrocephalus, has been found among plants far from 
water in the neighbourhood of Leyden, by De Man . 2 With this 
exception the group is purely aquatic, and though a few genera 
and even individuals of the same species occur both in salt and 
fresh water, whole sub-families and genera are either marine or 
paludicolous. Among the latter, Mesostoma, Castrada, Vortex, and 
JJcrostoma are common in brooks and ponds, especially at certain 
times, often only for one month (May or June) in the year. 
Species of Macrostoma , Stenostoma, and Microstoma are also 
abundant in similar places. The two latter occur in chains 
formed by fissiou ; but the sexual individuals (which are of . 
distinct sexes, contrary to the usual hermaphrodite condition of 
Flat Worms) only appear at stated times and are not well 
known. A large number of genera are purely marine, and one 
family, the Proboscidae (distinguished by having the anterior 
end invaginated by special muscles and converted into a sensory 
organ), is entirely so. The most cursory examination of littoral 
weeds reveals species of Macrorhynchus , Acrorhynckus , Promeso- 
stoma, Byrsoplilcbs, and Proxenetes, the character of which may 
be gathered from von Graffs great monograph, or from Gamble's 
paper ou the " British Marine Turbellaria .” 3 * * * * 8 Much, however, 
still remains to be done before we possess an adequate idea of 
the occurrence of this group on our coasts. 

Some llhabdocoels are parasitic. Fecampia erythrocephcda, 

1 The development of the Acncla has been worked out recently by Mdlle. Pereyas- 

lawzowu {ZapisH Novorosa. Obahch . Odessa , 17 Bd. 1892) and Gardiner {Journal 

of Morphology , xi. No. 1, 1895, p. 155) with conflicting results. Tho former finds £ 

four endoderm cells, which give rise to a larval intestine. The Acoela are for her,' 

Pscudacoela. Gardiner, on the other hand, finds no trace of an endoderm at any^ 

stage of tho development of Pnlychocrus caudatus. % 

8 ' TVjdachr. Nederland. Dicrk . l r cr. Decl ii. 1875. . -jjft 

8 Von GrofT, Monographie d. Tvrbellan'cn : I. Phabdocoel iden, 1882. Gambtb,^ 
Quart. Jourt i. Microacop. Science, vol. xxxiv. 1893, p. 433. * 
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vVrhich occurs in the lacunar spaces and alimentary canal of young 
shore crabs ( Carcinus maenas), is a white cylindrical animal 
■J inch long, with a red snout. After attaining maturity it. 
works its way out of the crab and encysts under stones, 
forming a pyriform mass in shape like a “ Prince Rupert's drop.” 
Within this case the eggs develop, and the young proluibly 


. emerge through the open nar- 
row end of the hard white 
tube, but how they reach the 
'crab is not known. Graffilla 
muricicola is found in the 
kidney of Mur ex brandaris and 
M. truncvlus , at Naples and 
Trieste; G. tethy dicola in the 
foot of Tetliys . Anoplodium 
parasiticum occurs among the 
muscles which attach the 
cloaca of Hnlothuria tubulosa 
to the body - wall ; and A. 
schneideri occurs in the sea- 
cucumber, Stichopus variegatus. 
These are truly parasitic forms, 
constituting a special sub- 
family. They have no rliab- 
dites in the skin ; the nervous 
system ^ and sense-organs are 
only slightly developed ; and 
the pluirynx has undergone a 
potable reduction in relution 
to the simpler mode of obtain- 
ing nourishment. Other cases 
of association between certain 
Bhabdocoels (closely allied to, 
if not identical with, certain 



Fiq. 19. — Forma of Rhabdocoelidu. A, Mrno- 
atuma fetruyunum 0. F. M. (Lthabdocorla), 
x 10 ; B, CunvohUajMrttdnra Oe. (Acoela), 
x 1 0 ; C, Vortitxrw uuricnlctfum 0. F. M., 
x 6 ; D, Munotus fuscus Oe. (Alloeocoela), 
x 4. ftp. Adhesive papillae ; d, intestine m r 
in, pharynx ; of, otolith ; rh, rhalxlites ; 
te, testes ; ut, uterus with eggs ; yy, yolk- 
glands ; <5, mule, 9, female genital pores. 
(A after Braun.) 


free-living species) and Lamellibranchs or Sea-urchins, are, how- 
ever, of another kind. Thus on the gills or in the mantle 
cavity of species of Mytilus , Cyprina, Tellina, and upon the 
, test of Clypeaster, such forms as Enterostoma mytili, Acmostoina 
: cyprina?, and Provortex tellinae have been found. But it is 
probable |hat these Turbellaria here obtain merely a temporary 
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shelter mid possibly a supply of the food of the mussel or sea- 
urchin. 

The Alloeocoela afford a well-established case of association. 
Monotus fuscus (Fig. 19, D), an abundant, active, elongated animal, 
lives on our coasts in the upper part of the littoral /one among 
Patella, Bulan us, and sometimes Chiton. When the tide is low, 
the Monotus , to obtain moisture and darkness, creeps between the 
mantle - folds of these animals, where it may readily be found. 
Upon the return of the tide it leaves its retreat and creeps or 
swims about freely. Other Alloeocoehi collect in great numljers 
in tufts of red-seaweeds (Florideoe). By placing such tufts in 
vessels, the sea-water, es^cially as darkness sets in, begins to 
swarm with UyUndrostoma 4 -oculatum, species of Entcrostoma 
and Plagiostoma ; P. vittatum , with three violet bands across the 
white body, being a particularly obvious form. Vorticeros auri - 
culatum (Fig. 19, (J), another abundant species, is remarkable for 
the long tentacles which win be completely withdrawn, and in 
this condition it completely resembles a Plagiostoma. 

The presence of a species (P. Innuni) of the characteristically 
marine genus Plagiostoma , in the bike of Geneva, and in one or two 
other Swiss lakes, at depths varying from 1 to 150 fathoms, is very 
interesting, and is perhaps the only well-established case of the 
survival of a once marine Ehabdocoelid under changed conditions. 
Plagiostoma lemani is by far the biggest of the group to which it 
belongs, being over half an inch in length. It is usually found in 
fine mud, sometimes among Ohara hisjiida , and lias the general 
appearance of an inactive white slug. We are indebted to Forel 
and DuplcHsis for the discovery of this species, and also of 
Otomcsostuma morgiense , a Mcsostoma with an otolith, dredged in 
10 to 50 fathoms in the Lake of Geneva, the Lake of Zurich, and 
found recently also by Zachurias in the Riesengebirge. The genus 
Both rioji/nna, first found by Braun in the water-pijies of Dorpat, 
has been carefully investigated by Vejdovsky, 1 who places it in 
a speciul family, Bothrioplanidue, among the Alloeocoela. One 
species has recently been found near Manchester. 

A comprehensive survey of the Klmbdocoelida shows that, . 
with the chief exception of the Proboscidae, the more lowly 
organised forms, the Acoela and Alloeocoela, are marine, whereas 
the fresh-water forms are in most cases the most highly organised • 

1 Xtitschr. /. wins. Zoologic, Rd. lx. 1895, ]>. 163. 
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genera {Mesostoma, Vortex). But Macroi'liynchus helgolandicv-s, 
though minute (l'5-2 nun. long), lias a more complex structure 1 
than any other species of the specialised marine genus to which 
it belongs, and is a remarkable instance of great complexity 
being associated with small size. 

Reproduction. — The Rhabdocoelida present the greatest 
diversity in the development of the reproductive system. The 
Acoela and Alloeocoela have the simplest arrangement. Scattered 
testes, often without a distinct membrane, form the spermatozoa, 
which in most cases wander into parenchymatous spaces, but 
in Monoporus rubropunctatus and Bothrioplana , into distinct vasa 
dcfereutin. In both groups a protrusihle penis ojhuih inde- 
pendently to the exterior, and may be simply muscular or provided 
with a chitinous armature. Two ovaries arc present, and the 
oviducts, if distinct, are continuations of the ovarian membrane. 
In most forms a " bursa Rcmiualis,” which receives the sperma- 
tozoa of another individual, is appended to the female genital 
canal. In many of the Alloeocoela, however, a portion of the 
ovary is sterile, and its cells, forming a yolk-gland, iced the 
fertile portion, the whole structure being then spoken of as a 
germ-yolk-gland. In many others (Monotidae) this sterile part 
has become an independent yolk-gland, which communicates by 
yolk-ducts with the oviducts. The Acoela form no egg-case, the 
body of the parent becoming a bag for the ova, which elaborate 
their own food-yolk. The Alloeocoela lay hard-shelled eggs, 
which are produced in Bothrioplana and Automolos by the activity 
and interaction of reproductive organs, resembling closely those 
of certain Triclads. 2 

The Bhabdocoela exhibit every stage in the development of a 
complex reproductive system, from the simple ovaries and testes 
of a Microstoma or Mowrostoma , to the intricate system of ducts 
and glands of a Macrorhynchus (Proboscidae), in which there is 
still much to bo made out. The complications of the copulatory 
organs chiefly arise from the way in which the spermatozoa are 
brought into contact with a nutritive prostatic fluid, or are 
formed into spermatophores ; and also from the penial armature, 

1 See von Graff's Monographic , pi. ix. ; and Jensen, Turhcllaria ail JAtora 
Korvcgiac , Bergen, 1878, pi. iv. 

* For the reproductive organs of Uliabdocoelida consult von Gralf, Mono- 
graphic, “.Die Acoela” ; and Bohmig, ZeitscJir. /. wiss. ZooL Bd. li. 1891, p. 167* 
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which is often very complex, and may consist of a curved ehitinoid 
hook or a coiled loop (Promesoatoma), of hookB (Proboscidae), or' of 
an intricate arrangement of plates (Proxenetes) ; or the penis may 
take oil u complex corkscrew-like form ( Pseudorhynchus ). The 
(frequently armed) female genital canal usually possesses a bursa 
seminalis for the fertilisation of the eggs, but a receptaculuni 
seiuinis or spermatheca may serve for the inception, the bursa, 
for the lodgment of the spermatozoa of another individual The 
fertilised ovum is provided with a supply of food-yolk and with 
a shell, which may be formed in a special diverticulum, the 
“ uterus.” The development of these organs strains the resources 
of the animal to the utmost, and in some Proboscidae the- 
alimentary canal is squeezed out and disintegrates, in order to 
nuike room for them. 

A few Mesostoma (Af. ehrenbergii, Af. produetum, AT. lingua ) 
-produce two kinds of eggs — thin- and thick-shelled. The latter 
are laid throughout the summer, and lie dormant through 
winter. The young which hatch in spring out of these 
. “ winter ” eggs develop rapidly, and when only 7 to 8 mm. long : 

' (i.e. one-third the size of the. parent) already possess functional 
genital organs ; the penis, however, is rudimentary, and incapable 
of being used for copulation. Hence it is probable that tliia 
stunted progeny self-fertilise their thin-shellud or “ summer ” eggs. 
After the formation of these eggs the same parent is said 
(Schneider *) to produce thick-shelled or winter eggs, but how- 
ever that may be, the first young which hatch from the thin- 
shelled o to are produced in great numbers at a time (April to 
May) when food is abundant. These grow rapidly to the full 
size, and then huving uttained maturity, cross -fertilise one 
another’s ova, which become encased in a thick brown shell ; and 
it is these numerous “winter” eggs that lie dormant through- 
out the autumn and winter. Many Mesostoma, and practically, 
all other Rhabdocoela, however, produce only thick-shelled eggs, 
and in all cases it is probable that to these many species owe 
their wide distribution, the exact range of which is, however, 
unknown, os is also the means of dispersal. 

1 Untenuchungen, il. Platyhelminthen , Giessen, 1873, p. 101. 
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Classification of Bhabdocoelida. 

? ACOELA. 

Family. Genus and British species. 

Pkofokidak . Proporus vene.noaua 0. Soli. Plymouth. 

Afonoporua mhropunctatm 0. Soli. Plymouth. 
Jfnplodiscus. 

1 AphaxostoMATIDAK . . Aphanoatoma diveraicolor Oe. Common. 

A . c.leyava Jon. Plymouth. 

Convoluta mlicvs Grfl. Plymouth, Millport, 
j C. paradoxa Oo. (Fig. 19, B). Common. 0. Jlaui- 

bacilfum Jen. Plymouth, Port Erin, Millport. 
Amplticocnta . 

Polycliocrus. 

KHABDOCOELA. 

. Macuostomatidak . Mticynostoma. 

Afocroatoma liystrix Oo. Stagnant water. 

(hnaloatoma. 

. MlL’ltosTOMATIDAK Microstoma lincore Oo. Fresh water. 

M. yroclandicum Lev. Plymouth, among Ulva. 
Stcvustnma ( Catenula ) Icmnac Dug. Near Cork. 

* 8. leneops 0. Sell. Common in fresh water. 

A latino a claparcdii Crlf. Skye. 

PltORllYXCHlDAK . . * Prorhynchua at. ay valia M. Sell. In Devonshire rivers. 

Promeaoatoma inaniwratum M. Sell. Common. 

P. oroidcum 0. Sell., P. agile Lev. Plymouth. /*. 1 

aolca O. Sch. Plymouth, Port Erin. P. tenticu- 
latum O. Sell. Port Erin. 

. Mesostoxatidae . Byrsophleba yraffii Jen. Plymouth, Millport. 

B. intermedia Grff. Mill jiort, Port Erin. 

Proxnidra JldbclUfcr Jell. Millport, Plymouth, Port 

Erin. 

P. cochlear Orff. Millport. 

Otomeauattnna. 

Mcsoatoma produdum Lcuck., M. liny no O. Sell., M. 
chrmbcryii 0. Sch., M. tetrayonum O. F. M. (Fig. 

19, A).. All at Cambridge. 

AT. rostratum Ehr. Widely distributed. At. viridatv m 
M. Sch. Manchester.. M. robertaunii Orff., Al. 

. . ftamdum Grff. Both at Millport. 

Bothromc 808 tvina peraonatum O. Sch. Preston. 

Castrada. 

PAOBOSOIDAK- . Pseudorhynchua bifidua M‘Int. Mill^n-t, St. Andrews, 

Port Erin. 

Acrorhynchua ealedonieua Clap. Generally distributed. 
Macrorhynchua naegelii Koll., A I. croceaa Fabr. Ply- 
mouth, Millport. 

At. helyolandicua Metach. West coast. 

Gyrator hermaphroditua Ehrbg. St. Andrews. Also 
common in fregfr water. 

. ? ■ ^ Hyporhynchua armatua Jen. Plymouth, Port Erin. 

iC V * ■' H. penicillatus 0. Soli. Plymouth. 

it ' 
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VORTIClDAE . 


SOLENOPHARYXGIPAE 


PlAGIOSTOMATIPAE 


Bothrioplanidae 

Monotidak . 


. Schultzin. 

J'mvortcx balticus M. Bell. Generally distributed. 

P. aj/iuis .Ion., P. rub robac.il Ins tiamb. Plymouth. 
Vortex truncatm Elirbg. Abundant in fresh wateA 
V. armitjer 0. Sell. Millport (fresh water). V. 
srhmidtii Orff., V. mil Iporti anus Grlf. Millport. 
V, riritlis M. Sell. Generally distributed. 
Jc.Mf.nia. 

Opt at a mu. 

]>crvstoma un ip undo turn Oe. Edinburgh. 

OraJfiUa. 

Anopfodi urn. 

Fccampia crythrocrphala Giard. Plymouth, Port Erin. 

. Solcnojiharynx. 


ALLOEOCOELA. 

. Acmostoma. 

Plmjiosto-ma (Hokum Metsch., P. clonyatum Garni). , P. 
pseiulomamlatum Ganib., P. smjittu Ulj., P. cavda- 
tnm Lev., P. aiphonopharumO. Sell., P. achrolenvum 
Grlf. All at Plymouth. 

1\ sulphur cum Grlf. Port Erin. P. Httatnm F. and 
Leuck. Millport, Plymouth, Port Erin. P. kvrnii 
.leu. Plymouth, Milliiort. P. yirardi 0. Sell. 
Plymouth, Port Erin, Valencia. 

Vvrticr.ros auricu latum 0. K. M. (Fig. 19, C». Port. 

Erin, Plymouth. V. httnau Grlf. Plymouth. 

Kntcrostoma austriamm Grlf. Plymouth, Port Erin. 

A’. finyalianum Clap. Skye, Plymouth. K rowan 
Grlf. MilljHirt. 

AUostoma pallidum v an Ben. Millport. 

Ci/UndroatouM 4 -oculatnm Leuck. Skye, Millport, Ply- 
mouth. 

C. inrnm Hall, C. elonyalum Lev. Plymouth. 

Monoophorum atria turn Grlf. Plymouth. 

Both rioplana. 

Bothrioplanii sp. ? Manchester. 

Otoplana . 

Mount us Uneat us 0. F. M., M. fuscus Oe. (Fig. 19, D). 
Both common littoral forms. 

M. albus Lev. Plymouth. 

Autoowloa unipunctatus Oe . Skye, St. Andrews, " 

Plymouth. 

A. horridus Ganib., A. ophioccphalus 0. Sell. Ply- 
mouth. 




CHAPTER II 


TKEMATODA 

CHARACTERS OF TREMATODES HABITS AND STRUCTURE OF TREMA- 

TODA KCTOrARABITTCA (MON(XIENEA) LIFE-HISTORIES OF 

POL YSTOMVM IXTKitERRIMUM, lilPLOXOOX PAHA 1>QXUM, AND 

UYROHACTYLM KLEGAXS TKEMATODA EN DO PARASITICA 

(DKIENEA) — OCCURRENCE AND HABITS OF D1UENEA LIFE- 

HISTORY OF JUSTOMCM MACROSTOS1UM hTSTOMUM HEP A Ti- 

Vi w Jf AND ITS EFFECTS HILUARXiA HA KM A TOBIA- — BISEXUAL 

TREMATODES TABLE OF HOSTS CLASSIFICATION. 

From the Turtallaria we now pass on to a consideration of the 
second great subdivision of the Platylielminthes, the Trematodes 
or “flukes” of which the “liver-fluke” is the l>est known, since 
it is one of the most dangerous parasites thut infest domestic 
animals. 

It has been pointed out that the Polyclads, Triclads, and Rhab- 
docoels are carnivorous, and that in each of these groups sporadic 
cases of parasitism occur. In other words, when the prey is 
much larger than the Turbellarian, the latter tends to become 
a parasite, and we can trace the development of the purasitic 
habit from the gradual association of Turbellaria with Ascidians, 
Crustacea, Molluscs, and Polyzoa merely for protective purposes, 
through the adoption, not only of the body of the host for shelter, 
but of its flesh for food ; though it is only in some Rhabdocoels 
(i Graffilla , etc.) that there exists a degeneration corresponding to 
the easier mode of nutrition and simpler life. The Trematodes , 1 
however, are wholly parasitic, either on the outer surface, the 
gills, or internal organs o.f their host, which is almost always a 
* Compare the remarks on Trematodes, pp. 4-5. 
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Vertebrate. Some Trematodes lodge in the mouth ; others wandfejr; 
down the oesophagus into the stomach or intestine, where Jihey. 
fix themselves to the mucous membrane. Again, others work 
their way into the digestive glands by the ducts, and thus, 
become further and further removed from the external world, 
and more adapted to live in the particular organs of .that host, 
in which they best flourish. The most important result of the 
adoption of this internal habitat by endopirasitic Trematodes ^ 
is, however, seen in their life-history. If a liver-fluke weft to 
deposit its million or so of eggs in the bile-ducts of the sheep, 
and these were to develop in situ , the host could not withstand, 
the increased drain upon its vital resources, and host and para-', 
sites would perish together. Hence it is clear that the infection 
of a second host by Trematodes is highly necessary, whether 
.they be ectoparasitic, in which case the infection is easily effected, 
when two hosts are in contact, by the adult worms, as well as when 
they are apart, by free-swimming larvae. In endop/mtsiHc Trema- 
todes it is brought about by the migration of the young to the outer 
world, their entrance into a, usually, Invertebrate host and their 
asexual multiplication within it, and the capture and deglutition 
of this “ intermediate host ” by the final Vertebrate one. Within 
the latter the immature parasites find out the organ in which their 
parents flourished, and here they too grow and attain maturity. 
The chances of any one egg of an eiulopanisitic Trematode pro-, 
ducing eventually an adult are, therefore, far less favourable 
than in the case of an ectoparasitic form. In other words, while 
the former must lay a great numlwr of small eggs, the latter 
need only deposit a (comparatively) few large ones, and this fact 
lias a corresponding influence on the structure of the genitalia 
in the two cases. The Digenea, which employ two hosts in a. 
lifetime, have accordingly a different generative mechanism from : 
that of the Mouogenea. The great need of the latter is a power- . 
ful apparatus for adhering to the surface of the body of its host ; 
while the adaptations which the endoparasite requires are, in ;’ 
addition, (1) protection against the solvent action of the glands 
of its host, (2) the power of firm adhesion to a smooth internal^ 
surface, and (3) the ability not only to produce a large quantity 
of spermatozoa and ova, but in v the absence of a fellow-parasite, 
to fertilise its own ova ; and we find th$se conditions abundantly^- 
satisfied. * //- $ 





Trematoda monogenea (cctoparaaitica). 

m 

There are four subdivisions of the Monogenea: — 

A I. Temnocephalidae, with four to twelve tentacles, and one 
sucker posteriorly (Fig. 20). 

II. Tristomatidae , with two. lateral, anteriorly-placed suckers. 
Oral suckers are absent, a large posterior sucker is constant, and 
is often armed with hooks (Fig. 22, C). 

dH. Poly&tomatidac , with, usually, two oral suckers and a 
posteriorly-placed adhesive disc armed with suckers and hooks 
(Figs. 23 and 24). 

' IV. Gyrodactyiidae (Fig. 29). 

■i 

Habits and Structure of Ectoparasitic Trematodes. 

I. Temnorrphalidac. — These interesting forms, of which a good 
account has lately bceh written by Haswell, 1 occur on the surface 
(rarely in the branchial chamber) of fresh-water crayfish and 
crabs in Australasia, the Malay Archipelago, Madagascar, and 
Chili. Others have been found on the carapace of a fresh-water 
tortoise, and in the branchial chamber of the mollusc Ampullaria 
from Brazil. Wood-Mason discovered others, again, in bottles 
containing spirit-specimens of Indian fish. Tnn norrjthala is 
rarely more than a quarter of an inch long, and looks like a 
minute Cephalopod or a broad flattened Hydra . By the ventral 
sucker each species adheres to its own particular host, the ten- 
tacles being used as an anterior sucker for “ looping ” move- 
ments. The food, consisting of Entoinostracu, Hot if era, and 
Diatoms, is first swallowed whole by the large pharynx (Fig. 20, 
ph), which can be protruded through the ventrally-placed mouth, 
id is then received into a simple lobed intestine (<Z). The skin, 
especially on the surface of the tentacles, is provided here and 
there with patches of cilia borne by the cellular epidermis, — 
.the only undoubted case of external cilia occurring in an adult 
Trematode. Minute rhabdites formed in special gland -cells, 
occur plentifully on the tentacles, and are another distinctly 
Turbellarian feature. The excretory system is peculiar (Fig. 21). 

. Fine ducts proceed from the various organs of the body, and 
open --to the exterior by means of a pair of contractile sacs 

..v / 1 Haswell, Monograph of the Temnocephalcae. Maeleay Memorial Volume. Mem. 
Si.. 1898. \ . 
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placed on the dorsal surface. Each sac is a single cell, uflrt 
within it not one merely, but several "flumes/* or buncheg of 
rhythmically contractile cilia, are present. These lira placed on 
the course of excessively fine canals, which perforate the proto- 
plasm of this cell. The terminal branches of the excretory canals 
end in branched cells, apparently devoid of 11 flames.” 

The reproductive system is veiy similar to that of certain 



Fig. 20. — TnnnocepJuda nowte-zentand Lae Fig. 21. — Tlie same from the dorsal surface, 

‘ Has. x 10. Ventral view to show the to show the excretory system (double 
digestive and reproductive systems. line}, and the nervous system (black 
(After Has well.) and shaded). (After Haswell.) 

</, Intestine ; din, dorso- lateral nerve ; On, dorsal nerve ; e.e.o, excretory aperture on 
dorsal surfuco ; **•.*, terminal excretory siu: ; in, mouth ; or, ovary ; ord, oviduct. ; 
pit, pliaryux ; rh, rhnlidites ; rli.c, cells iu which the rliubditcs are formed ; re, yolk 
receptacle ; #r, sucker ; sh, shell-gland ; te, testes ; t it, uterus ; vg, vagina ; vn, 
ventral nerve ; vs, vesicula seminal is ; yd, yolk-duct ; yy, yolk-glaud. 9 , 6 , common 
genital pore. 

Ithalslocoels. An armed penis and the female genital duct 
open into a genital atrium, and this by a single aperture 
($ , d> Fig. 20) to the exterior. The fertilised ovum and yolk 
are enclosed in .a stalked shell formed in the uterus. 

'The interest and importance of the Temnoceplialidae lies in- 
the fact that they are almost as much Turbellaria as Treinatode& 
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Ifi habits, in the character of the skin, the muscular, digestive, and 
reproductive systems, they find their nearest allies in Rhabdocoels 
(Vorticidae). But in the excretory and nervous systems, the 
latter composed of two dorsal, two lateral, and two ventral trunks 
all connected together (Fig. 21), they are Tristomid Trematodes. 
Thus they may fitly connect an account of the two great groups. 

II. Tristomatidae and III. Polystomatidae} — The members of 
these families are found on the body, or attached to the gills, of 



Fi«. 22 . — A, ye.inaftMJtri uw 

'fit nr inn. van BoiilmI. Nat. 
size. Two individuals (a and 
h) are found together, encysted 
on the branchial chamber of 
the Tunny. B, CtlnuUa enli- 
f /or inn Johns. A Tristomid, 
several of which arc attached 
to tlio ovary of a Cnpvpod 
((’ofit/Hs), itself a ]>urnsitc on 
the gills of the Hake, x A. 
C, B/n'tn/rfln ■ In/i/ny fount 
O. V. M. A Tristomid found 
on the body of the Halibut. 
Nat. size, m, Mouth ; ms t 
lateral suckers ; cn% ovary ; yw, 
posterior sucker ; t*\ testes. 
(All utter P. J. vuu Heuedcu.) 


fresh-water and marine fishes. The edible and inedible fish of 
our coasts have each their particular ectoparasitic Trematodes; 
while the Minnows, Sticklebacks, and Miller’s Thumbs of streams 
and ponds are attacked by Diydozoon , Gyrodactylu g, and other 
forms. The aquatic Amphibia also harbour a number. Polystomum 
integerrimum is common. in the bladder of Frogs, where it leads 
a practically aquatic life. Other species of Polystomum inhabit 
the buccal and nasal cavities of certain Chelonia, but naturally 
no terrestrial Vertebrates are infested externally by these Trema- 

1 Braun, in Bronn’s K/nssen u. Ordn. d. Tkierreichs , vol. iv. p. 407, gives a valu- 
able summary of our knowledge of this group. For figures, see van Benedcn and 
Hesse, Mtmoirea de VAcad. roy. de Belgique , tom. xxxiv. 1864, pp. 1-169. A 
valuable paper (with synoptic tables) on Japanese Monogenea, by Goto, Journ. 
Coll . Set. Japan , vol. viii. pt. 1, 1894, has recently appeared. 
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todes. The blood and epithelia of the host are sucked, arid to 
this end the pharynx has frequently a chitinous unnature to c jaid 
in the abrasion or inflammation of the tissues upon which the 
parasite feeds. In the case of a Sturgeon attacked by Xitzschia 
elongata , a Tristomid, the mouth of the host appeared to be 
highly inflamed by these attacks (v. Baer). 

The suckers, in the two families under consideration, vary 

in number and complexity. There 
is always a powerful apparatus at 
'the hinder end of the body secur- 
ing the Trematode flrmlv to the 
slimy body or gillH of its host, and, 
usually in the Polystomatidae, a 
pair of suckers at the sides of the 
mouth accessory to the pumping 
nctiou of the pharynx. In Axinc, 
and to a less extent in Octu - , 
bothrhnn (Fig. 2:>), the suckers 
are strengthened by a complex 
hingework of chitinoid burs or 
hooks, which serve as insertions 
for the muscles of the suckers, 
and thus increase their efficiency. 

The mouth is invariably pre- 
sent just Ixmeuth the anteriorendof 
the body. It leads into a muscular, 
pumping pharynx (Fig. 24, ph ), 
and this into a bifurcated intes- 
tine which ends blindly. The 

Fio. 23 Kuhn, two peiiiiigs of the excretory 
from the gill* of the whiting, x 1 ° * 

8. ini, intestine ; ms, mouth ; w system lie on the dorsal surface 

<■> i» nmmcvhd*), .11,1 fto 
excretory canals branch through 
the substance of the body, ending usually in “ flame-cells.” The 
nervous system is highly developed, and resembles that of Temno- 
c ephala (Fig. 21) in detail. Upon the brain one or even two pairs.', 
of eye-spotB are present in the larvae, and may persist throughout - 1 
life. Tactile setae occur in Sphyranura, a parasite of the North 
American Amphibian Nectwrus, hut a cellular epidermis is. ' 
apparently rendered impossible, perhaps from the nature of V 




tfhtf mucus in which the body is bathed, or to the attempts of the 
host £o free itself from these parasites ; and hence an investing 
membrane iH present, which morphologically is either a modified 
.Epithelium, or a cuticle formed by the glandular secretion ’ of the 
parenchyma. 

The reproductive organs of the Polystomatidae may be under- 
stood from Figs. 24, 27, and 28. At the point of union of the ovi- 
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Fio.24 . — Potystomum integer- 
rinium Friuli., from the 
bladder of the Frog, and 
seen from the ventral sur- 
face. The alimentary 
ennui is lilack, tlio white 
dots ii pon it * being the 
yolk -glands, tiri, Ductus 
vitello - iutcstinulis (pro- 
bably hoiuologouH with 
■ the iAurer's cuiinl or 
“ vugina " of Digeuvfi) ; 
rh, hooks of sucking 
disc ; int, intestine ; m, 
mouth ; or, ovary ; 
penis ; jth, pharynx ; sc, 
suckers with an embryonic 
hook persisting in each ; 
te, testes ; vt, uterus with 
eggs : rag, left vagiua ; 
nl, vas deferens ; yd, 
yolk - duct ; yg, yolk- 
glands ; 6 9, common 
genital aperture. (Modi- 
lied from Zeller.) x 8. 


duct (Fig. 28, ovd), the vitelline ducts (yd), and the commencement 
of the uterus (ut), a slender duct is given off which opens into the 
intestine, and is known as the " vitello-intestinal canal” (Fig. 24, 
dpi; Fig. 28, gic). This duct has apparently the same relations 
af the “canal of Laurer ” of Digenea, 1 except only that the latter 
opens to the exterior directly. In connexion with this vitello- 
intestinal canal a “ vagina ” is present, which in Polystopiuip and 
most Monogenea is paired (Fig. 24, vdg), in Diplozoon and in one 

v 1 . * ■ 1 See Leuclcart, "Parattien," Bd. ii. p. 238. 
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or two other forma, however, impaired. The vagina receives *tlie 
penis of another individual during copulation (Fig. 26), and dogs not 
appear to have an homologue in the liver-fluke or other Digenea. 

Life-Histories of the Polystomatidae . 1 — Polystomum integer- 
rinium. After the mutuul fertilisation of two individuals, the 
eggs are bud in the water by the protrusion of the body of the 
{wirent through the urinary aperture of tins Frog. About 1000 
eggs are laid in the spring at the rate of 100 a day for ten 
days. After about six weeks, the larva ('3 mm. long) 1 latches 



Fio. 25. — Eggs of Moiiogenco. A, Eggs of Encntylalx pageJli v. Bhi. -H esse : B, eggs 
of f.’ir lont'Ha jtollarhii v. Hen.-Hes.se (with young forms just hutching out) ; C, egg 
of Micrartttyh. hibracis v. Beu.- Hesse. (After van Beueden and Hesse.) x 50. 

out, and swims about freely by means of bands of large ciliated 
cells (Fig. 26, A) ; hut if it does uot meet with u tadpole within 
twenty-four hours, it dies. Should it, however, encounter one, 
the larva creeps along it iu a looping fashion until it approaches 
the operculur spout, or opening of the branchial chamber, on the 
left side; into this it darts suddenly, fixes itself, aud throws off 
its cilia. Here it remains eight or ten weeks, feeding, in- 
creasing in size, aud forming the suckers from behind forwards.* 

1 Zeller, Ztilvchr. /. win. Zuol. xxii. 1872, pjt. 1, 168 ; also Bd. xxrii. 1876, p. , 
238 ; xlvi. 1888, p. 233. 
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At? the time of the tadpole’s metamorphosis, the young Polystomum 
worljp its way down the pharynx into the oesophagus and along 
the intestine, till it reaches and enters the opening of the bladder. 
Three years afterwards it becomes mature. 

Sometimes, however, Poly&tomwm experiences another fate. The 
larvae settling down 011 the external gills of a young, recently- 
hatched tadpole, and obtaining a 
richer supply of blood than in the 
previous case, grow far more rapidly, 
so that in five weeks they are mature, 
although still in the branchial 
chumlier of the tadpole. They do 
not then wander into the aliment- 
ary canal, but usually, having dis- 
charged their eggs, die at the time 
of the tadpole’s metamorphosis. 

. Still more interesting, however, is 
the difference between the genitalia 
in these and in the normal Poly- 
atowum . In contrast with the latter, 
these possess (1) one testis and a 
rudimentary penis ; and their sper- 
matozoa di filer in structure and 
shape from those of the normal 
PolysUm um . (2) The vaginae are 

absent, a fact connected with the 
absence of a functional copulatory Fro. '26.—Poiysit»inm intrgrrrimnm. 
mgm. (.1) In vompeiuution for 

the loss of these, a duct connects Two mature individuals ill mutual 
the single testis and the point of 
union of oviduct and yolk-ducts, 
and by this self-fertilisation occurs. 

(4) The uterus is absent ; the 
"ootype” or duct into which the 
shell -gland opens, communicating 
directly with tlie exterior. In (1) and (4) these alierrant Poly- 
stomum resemble P. ocdlatum , from the Tortoise JSmya europaen. 

Diplozoon paradoxum . — The life -history of l)iplozoon is 
unique. For whereas the larvae of most animals grow up, 
reach into a single adult, in Piplozoon, of . the few larvae tliut 



coition attached to the bladder 
of a Frog, x 5. (After Zeller.) 
d, Intestine ; ex.o, excretory pore, 
dorsal in position, seen here by 
transparency ; ey, eye-spots ; gl, 
frontal glands ; mi, month ; ph, 
pharynx ; sit, adhering disc ; vug, 
vagina. 








just hatched ( x 125) ; 

C, two DifurrjHi (I 
and II) about to unite ; 

D, conjugation in pro- 

gress but not yet 
complete, ///, Dorsal 
papilla ; <% eye ; fl$ in- 
testine ; »i, mouth ; sc, 
ad-oral sucker ; ///, 

spirally-wound thread 
attaching the egg to the 
gill of the Minnow ; 
wr, ventral sucker ; fin 
J>) I, T, one / Jijmrpti , 
ventrnl view; 11.11, 
the other, ilorsal view'. 
(After Zeller.) 



II Pont, dorsal l Post* central 


Fir.. 2S. — Hinder part of the 
body of jjunt- 

duxmn. The fusion of the 
two JJijturfMU where they 
come into contact, is now 
complete. They now cross 
each other like an X, and 
an? twisted, so that Di/wrpa 
1, in front of the point of 
fusion, is seen from the ' 
dorsal surface ; liehind, 
from the ventrnl ' surface ; 
and the reverse is the case 
with liipnt '/hi II. The 
compound animal is seen 
from the opjmsite surface 
to that shown in Fig. 27, 
D. The digestive and 
excretory organs are 
omitted. (After Zeller.) 1 
Ant. dorsal , dorsal surface 
of Diporpa I, facing the 
anterior end ; I Poet 
ventral , ventral surface of 
Piporpa I, posterior end ; 
and '’similarly for II Ant. 
ventral and 11 Post, dorsal. . 


d, Piece of the intestine showing opening of, flic, vitello-intestinal canal ; <w, ovary ; . 
ml, point of union of female genital ducts ; # c, suckers ; te, testis ; w t (in DijHtrpd,.' 
I), “ootype " or chamber into which shell-glands open. This is continuous with the;/, 
uterus (mI) of JHpnrpa 1 ; ulo, ventral opening of uterus ; vag t vagina, with rtf, vas> 
deferens, permanently inserted into It through the genital pore; yd, yolk-ducts ; yff,\. 
yolk-glands. ■ f , 
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. sufviVe the dangers of tlieir free-gwiliiming existence, only those 
become mature which conjugate permanently with another indi- 
vidual. But although there are thus only half as many adult 
Diplozoon as there were conjugating larvae (or Dipwpa, as they 
were called when they were considered distinct forms), yet the 
total number of eggs produced is probably as great as if each 
larva became individually mature. 

Diplozoon pavmloxuvi lays its eggs on the gills of the Minnow, 
which it frequently infests in great numbers. The ovum divides 
rapidly at the expense of the yolk-cells, and in a fortnight a 
larva ('2 mm. long) of the shape and complexity shown in Fig. 
27, B, hatches out, which, however, succumbs if it does not 
meet with a Minnow in five or six hours. 

Should it survive, a dorsal papilla, a median 
ventral sucker, and a second pair of posterior 
suckers develop. Thus the Diporpa stage 
is attained. These Diporpa may acquire a 
third and even a fourth pair of suckers, and 
continue to live three months, but they only 
develop and mature their reproductive organs, 
if each conjugates with another Diporpa. 

(Fig. 27, (J, J>), and this only occurs in a 
■ small percentage of instances. Each grasps 
the dorsal papilla of the other by its own 
ventral sucker, thus undergoing a certain 
amount of torsion. Where the two bodies 
touch, complete fusion occurs, and, as shown 
in Fig. 28, the united IHporpa (or Di])lo- 
zoon, as the product is now palled) decussate, 
each forming one limb of the X-shuped 
Diplozoon , within which the two sets of 
. complex genitalia develop (Fig. 28). 

IV. G'yrodmtylidae . — Gyrodactylus (Fig. 

29), the structure of which is in many 
. ways peculiar, produces one large egg at a 
; time. Ail embryo, in' which the large and 
/ smaller hooks of the adhesive disc can be seen 

develops from this egg frhile still within the body of the 
pardht, and may give rise to yet another generation within itself. 
'’■"The details of the process have not, however, been well ascertained. 



Fig. 


29. — Qyrvdactylv* 
degantt v. Nord., from 
the fine of the Stickle- 
back. (After v. Norrt- 
mann.) x 125. emh. 
Embryo. 
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Trematoda digenea ( cndoparmitwa ). 

Occurrence and Habits of Digenea. — Endoparasitic Trema- 
todos have l»eeii found in almost all the organs of Vertebrate hosts 
excepting in the nervous, skeletal, and reproductive systems. The? 
alimentary canal, however, is the most usual habitat. From the 

buccal cavity to the large intestine, or 
even to the cloaca, its different regions 
are the resorts of various Trematodes. 
No Digenea have been found in the 
mouth, pharynx, or oesophagus of Mam- 
mals; but in Birds, Reptiles, Amphibia, 
and especially in Fishes, these parts an; 
largely affected. It is a striking fact 
that Trematodes should occur in the 
stomach of (chiefly) large predaceous 
iislies, such as the Bike, Sharks, the 
Angler-fish, and others, considering the 
powerful digestive action of the gastric, 
juice of these carnivores. The jx'culiar 
nature of the defence which must be 
employed by the parasites against this 
digestive action, I iconics still more 
marked when it is considered that if a 
Trematodc normally living in the stomach 
of one host be transferred to that of 
another, it is usually speedily digested, as 
is shown (p. G5) in the case of Dintomvni 
niacrostoM um. From these considera- 

tions the suggestion has been made that 
the cutaneous secretions of these Trematodes must act, not only 
as a protection against digestive or.ot her ferments, but that the 
action in eaeli case must be a specific one (Frenzel, Braun). 

It is, however, in the small intestine that most Trematodes 
occur, as the examination of the common Frog 1 will readily 
demonstrate. Both this and the edible Frog are attacked by a'* 
dozen Distomatidae, only w of which, however, are common 

1 An excellent and beautifully illustrated account, by Loose, of the* Dis- 
tonu&tidae of Frogs and Fishes may be found in Leuckart and Clnui*s Bibliotheca 
Xoohxjica, lleft 16, 1894. 



Flu. 30 . — Distum um luteum v. 
Baer (immature), to show 
the arrangement of the 
excretory vessels. x f>0. 
(Vi!, o, Kxeretory aperture by 
whieh the. terminal contrac- 
tile duct opens — the liner 
vessels end in llnine- cells ; 
inf, intestine ; m t mouth - 
sucker ; ///#, pharynx ; rs, 
ventral sucker. (After la 
• Vulette.) 
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to both hosts, and a numlier of Holostomatidae also pass a stage 
of thijir development within these Amphibia. Some idea of the 
extent to which animals, whose habits lead to infection, may be 
iittacked by Trcmatodes (to say nothing of Oestodes and Nema- 
todes, which often occur also) may lie gathered from the fact that 
in dissecting a black stork, Natlmsius found several hundred 
Holostomu m rxv.avatum. and about a hundred J)isfomtnn ferox in 
the small intestine, twenty-two I). hi aim in the oesophagus, five 
others in the stomach, and one JK vehivatmn in the intestine. 
Snipe*, Woodcock, Sandpipers, Dunlin, Culls, Bittern, Geese, and 
Wild Ducks are, to mention a tew cases, greatly infested by 
members of this group. 

The following Trcmatodes have occurred in man 1 : — 

Dislomum hrpaticum Abild. Ditto mum pnlmnnale Biilz ( -- J). 

„ /anceuUttum Mdilis. ringed Cobb., ]). wester- 

,, ronjnnrtum Cubbold. manni Kerb.). 

„ spathulatum Lenckart (= ,, Midi hnmnni Ammon ( = />. 

I). sinensr Cobb., D. ophthalmobiiim Dies.). 

japoniemn 11. Blanch. ). Munostomum lent it v. Nurd. 

„ mthouuti Puir. (probably = Amphistum urn hum in is Lewis and 
D. crust uni Busk, I). M‘( ■oiincll. 

buskii Lank.). Bilharzia lmcmatohiu Tobb. 

„ heteroph yes v. Sieb. 

Life-histories of the Digenea. — The classification of Tremu- 
todes according to their life-histories, expressed in the divisions 
Monogenea and Digenya, thougli a very useful one, breaks down 
entirely in the case, of certain forms. Thus the life-history of 
(lyrodnvtylvs is probably digenetic rather than monogenetic. Aapi- 
doyaatcr conrhicofa , 2 which lives in the pericardial cavity of the. 
flesh-water mussel (possibly the only case of a Trematode becom- 
ing normally mature in an Invertebrate host, since other species 
of Aspidoyastcr live in Chelonia), produces larvae which enter 
another Anodonta and develop directly into the sexual form. In 
other words, Aspidoyastvr , though structurally a digenetic form, 
possesses a life-history which is direct and simple, is. monogenetic. 

The Holostomatidae, which live in birds of prey and 
aquatic birds, give rise to eggs from which a minute larva 
escapes. The fate of this aquatic larva is not directly known, 

1 Lcuckart, Parasitcn d. Mcnschen , 11 Trcmatodcn,” 1892-04; R. Blanchard, 
Trait-id. Zool. midicalc , i. 1889 ; II. B. Ward, lleport for 1894 of Nebraska Slate 
Board of Agric. Lincoln , U.S.A. 1895, p. 225. 

2 Huxley, Anat. of Invert. Animals , 1877, p. 194. 
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but in all probability after entering a host (Fish, Amphibian, 
.Mollusc), it undergoes a gradual change into what has long been 
known as a Telrucotyle, from the frequent presence of four 
(sometimes only three) adhering organs. 
Fig. 31 exhibits a species which is abun- 
dant in the lens and vitreous humour of 
the eye of the Perch. Its further history 
is not known, but presumably the Perch 
is presently devoured by the final host in 
which the Dipl onto mum attains maturity. 
Thus the Holostoinatidae arc “metastatic’' 
(Leuckart), their (probably) direct develop- 
ment 'requiring the presence of two hosts. 1 11 

The other Pigenea, the life-histories of 
which are known, belong to the Disto- 
Fig.31 . —hijdotitAM um ( Tdm- inutiduo and Am phi stoma tidae, and we may 
cjttyir) rnfrenx. (After distinguish the steps by which the coin- 

lr, Contractile^ excretory pl«?x lifo-history of the liver-fluke (JJin- 

vesicle i </, iiitestinc ; e, to mum hepatic inn) lme been brought about, 
calcareous bodies in ex- . . . ... 4 

crutory tubules ; es.o, by a consideration oi that ol Ihstomum 

excretory aperture ; <//, wacru8tomum. 

glandular adhesive body; 

mh, oral sucker; ph % I) is to mum imicrostomum . — Tins form 

sucker 1 * * ventrul occurs in the intestine of several common 



Passerine birds. It is remarkable not only 
for the large oral sucker, but also on account of the position of 
the common genital pore at the hinder, and not as usual, at the 
anterior, end of the body (Fig. 32, A). The eggs pass out 
through this pore, and are discharged with the bird’s excrement. 


Should a certain snail ( tfueeinra pittrin) happen to rasp off the 
epidermis of a leaf upon which the faeces have fallen, the eggs 
arc swallowed and a minute active larva is set free (Fig. 32, B). 
This penetrates through the thin wall of the digestive tract of 
tlie snail, and passing into the connective tissue, throws 4 off its 
cilia uml assumes the shape of Fig. 3*2, t!. This sporoeyst , as the ; 
larva is now termed, grows rapidly in all directions (Fig. 32, P) at 
the expense of the snail’s tissues, until it becomes impossible to 
separate parasite and host completely. Those branches which - 


1 Braun, Broim'a Thir.rrcichs, Bd. iv. p. 792 ; Leuckart, Pitrasitcn d. Mcnschen^ . 

11 Abtli. ]>. 158 ; Braudes, in Spengels Zool. Jahrb. Syst. Abthcil. Bd. v. 1890, - 
p. 849 ; v. Nordmann, Mikr. Beitr. i. Berlin, 1832. 
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Uo % superficinlly in the cephalic region of the snail become greatly 
swollen, cylindrical, ami contractile. They arc handed with green 
and ^hite, ornamented with red terminal spots, and pulsate rapidly. 
I Fence these fertile branches of the sporocyst (which in this con- 
dition was known as LnmH'hhrritUum parmhuL'um , Fig. 33, 11) 
naturally attract the attention of insectivorous birds, which peck 
off the tentacles of the snail, and with it the swollen sporocyst- 
brancli. A sphincter muscle, closes the cut end of the fertile sac 
when the bird’s bill nips it off. The sac contains large numbers 



Frcs. .'12. — Life-history of hisfnm inn 
iinrrrns/uiiunti Ktid. A, liiiliiatuiv 
Dinttimum (rrnlly a tailless Crr- 
voritt) Ion ml in tin* swollen ter- 
minal parts of LriiriM'hlnrittiinH. 
(Fig. ttl, 11) ami enclosed in two 
protect iv« limmhnuics, x 4i» ; B, 
larva which hatches out of the 
egg of IK ittur/iisfntii ///#/, X 1 2f» ; 
C, the ]iictunior|ihoscil larva 
(sjiorocyst) fourteen ilays after 
having entered Sued urn putri.% 
and pierced through its intes- 
tinal wall ; D, actively growing 
spororyst. (After llcckcrt.) //«, 
(icnital aperture ; int f intestine; 
w/s t month sucker ; //, nervous 
system ; nr, ovary ; /«, ventral 
sucker ; U\ testis. 


of young IK umcrnstmimm (Fig. 32, A), produced by the division of 
embryonic cells of the larva (Fig. 32, 11), which are apparently 
hlastomeres of the egg reserved for this future use. It is a 
remarkable circumstance that the*, old bird itself is immune from 
infection, and if it swallows these young Distomes, tiny arc 
digested. Should, however, the snail’s tentacle and its contents 
be offered as food to the nestlings, their weaker digestive, powers 
merely set the .Distomes free from the protective membranes (Fig. 
32, A), and thus the Blackcaps, Sparrows, and other birds infested 
by D. macrostomum have acquired the parasite when they were 
VOL. II f 
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nestlings by the unintentional agency of their parents . 1 '{he 
snail regenerates its lost tentacles only for the sporocyst to again 
hud oir fertile branches into them. • 

The egg of tliis Diatonic thus gives rise to a larva which 
enters the. tissues of one particular Mollusc. Here it Incomes 
a branched sporocyst within, which the sexual worms are formed, 



Fin. 33. — A, Sitccinca 
pvt r in, infested 
liy B, Lnu'tichhn'i- 
i/ittm jutntt/iucuM, or 
the fully - formed 
sporocyst of fiixfu- 
m itm war rush uninn. 
(After Hei'kert.) A, 
Natural size; B, x 
7. 


apparently cadi from a single embryonic blastomero (" Keim- 
zolle ”), by a process comparable with the development of a 
pfirtheiiogenetic ovum, and the whole cycle has been termed 
Al/uiur/cncsix, i.e. alternation of sexual and parthenogenetio genera- 
tions (CSrobben).* Leuckart 3 and Looks , 4 however, consider that 
what was once a metamorphosis of an individual (as in the 

1 Ilcckcrt, Bibliotheca Zoologica (Leuckart and Chun), Heft 4, 1889. I am not 
aware tluit Lcucochloridium lias been noticed in England. 

* “ ireterog.iiny ” usually means the alternation of bisexual and unisexual 
generations (c.g. llhabdoncmtt tii grove nusu m), but is, unfortunately, also used in tlio 
sense of Alloiogenesis, as deiined above. See Grobben, Arbeit . Zool. zoot. Ints, 
Tricn , Bd. iv. 1881, p. 201. 

9 Parasite )i t Bd. i. Abth. II. p. 1 52. 

4 Festschrift /. Leuckart, Leipzig, 1892, p. 107. 
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H<^ostomatidae) has now become, by maturation of' the Oercaria 
in the comparatively modern warm-blooded bird, a metamorphosis 
extending over two or more generations. 

Distomum (Fasciola) hepaticnm — The liver-fluke of the Sheep, 
which produces the disastrous disease, liver-rot, has a distribution 
as wide us that of a small water-snail, Limnaea trunratula , the 
connexion between the two being, as Thomas 1 and Leuckurt dis- 
covered, that this snail is the intermediate host in which the 
earlier larval, sporocvst, and redia stages are passed through, and 
a vast number of immature flukes (CVmiriae) are developed. 
These leave the snail and encyst upon grass, where they are. eaten 
by the sheep. Over the whole of Europe, Northern Asia, 
Abyssinia, and North Africa, the Canaries, and the Faroes, the fluke 
and the snail are known to occur, and recentlv the former has 
been found in Australia and the Sandwich Islands, where a snail, 
apparently a variety of Limnaea trancatafa, is also found.” Over 
these vast areas, however, the 1 disease usually only occurs in certain 
marshy districts and at certain times of the year. Meadows of 
n clayey soil, liable to be flooded (as in certain parts . of Oxford- 
shire), are the places where this Limnaea occurs most abundantly, 
and these are consequently the most dangerous feeding-grounds 
for sheep. The wet years IS 10, 1817, 18:10, 185:1, and 1854 
— memorable for the occurrence of acute liver-rot. in England, 
Germany, and France — showed that the weather also plays a 
considerable part in extending the suitable ground lor Limnaea 
over wide areas, which in dry years may be safe pastures. In 
1880 England lost from this cause, 3 one and a half million 
sheep, representing some four millions of money, while in 
1870-80 three millions died. In 1802 Ireland lost 00 per 
cent of the flocks, and in 1882 vast numbers of sheep perished 
in Ihienos Ayres from this cause. In the United Kingdom the 
annual loss was formerly estimated at a million animals, hut is 
now probably considerably less. After infection during a wet 
autumn, it is usually in the succeeding winter that the disease 
reaches its height. 

1 Quart. Joum . Micros. Set. vo). xxiii. 1883, p. 90. 

3 The intermediate host in tin 1 Sandwich Islands is said to be Limnaea perry ra. 
See Lutz, Gentralbl.f. Bakter. xi. 1892, p. 783. 

3 The mortality in wet years, however, is said* to he largely duo to pulmonary 
inflammation. Tins and other causes of death ure not always discriminated in the 
returns. 
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The symptoms of " rot ” appear about a month after infectjpn, 
more acutely in lambs than in sheep, and again, less in oxen than 
in sheep. At first, deatli may result from cerebral apoplexy, but 
if the first few weeks are passed through, a pernicious anaemia 
sets in, the sheep are less lively and fall at a slight touch, the 
appetite diminishes, and rumination Incomes irregular. The 
conjunctiva is of a whitish-yellow colour, the dry, brittle wool 
falls off, and there is sometimes lever and quickened respiration. 
In January, about three months after infection, the wasting, or 
fatal, period sets in. Oedemas or swellings, usually visible before, 
become larger at the dependent parts of the body, a large one in 
the. submaxillary region being especially well marked, and this 
is considered one of the most characteristic symptoms (“watery 
poke ”). Through this period few of the infected slice]) survive, 
but should they do so, the flukes begin to migrate, though some 
remain mueh longer within the liver. Migration is effected 
through the bile-duct into the duodenum and outwitli the faeces, 
in which the altered remains of the J) is font tun are sometimes 
scarcely recognisable, lender these circumstances (or owing to 
death of the fluke in situ) the sheep recover more or less fully. 

The preventive measures seem to l>e: (1) Destruction of the 
eggs and of the manure of rotten sheep; (2) slaughter of badly 
fluked sheep ; (8) adequate drainage of pastures ; (4) an allowance 
of salt and a little dry food to the sheep ; and (5) dressings of 
lime or salt oil the ground to destroy the embryos. 1 

Distomvm hepativum , contrary to most Trematodes, enjoys a 
wide range of hosts. Man himself occasionally falls a victim; thus 
in Dalmatia, in the Narenta Valley, the disease is endemic but 
slight in its effects. The horse, deer, camel, antelopes, goat, 
pig, rabbit, kangaroo, leaver, ami squirrel have all been known 
to harbour this fluke occasionally. In the Italian deer-parks at 
Mandria a large species, J). magnum, decimated the lienls some 
years ago ; and this species, probably imported from Italy, is now 
almost as dangerous a parasite on the western plains of the 
United States as 1). heputienm. 

JWharzia huematohia ? — This foimidable parasite was dis- 
covered by Billiarz in .1853 in the veins of the bladder of patients 

1 See Thomas, Quart. Jvurn. Micros. Science , xxiii. 1883. Neumann, Parasites 
of Domesticated Animals , translator! by Finning, 1892. 

* LiMickai t, loc. cit. ; Looss, Archin f. mikroskvp. Anatomic , 13d. xlvi. 1895, p. 1, 
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at \he Cairo Hospital, and is remarkable from its abundance on 
the dhst coast and inland countries of Africa from Egypt to the 
Cape, as well as in the districts bordering I^ike Xyassa and the 
Zambesi river, while westwards it occurs on the (Sold Const. 
Mecca is a source of infection whence Mohammedans carry the 
disease to distant places. In Egypt about .‘50 per cent of the 
native population is affected by the serious disease known as 
Haematurin, resulting from the attacks of BiUutrzia , so that, of 
the many scourges from which in Africa man suffers, this one is 
perhaps the most severe. 

The worm is found usually in couples, which have been proved 
to lie male and female individuals (Fig. .°»4) f 
often in considerable numbers in the veins 
of the pelvic region, chiefly the veins of the 
bladder and of the large intestine, and it is 
tolerably certain that JiUkitrz'ui enter these 
vessels from the portal vein. Their long 
slender bodies enable them to penetrate 
into the finer vessels, which get partially 
or entirely choked up, and the circulation 
accordingly impeded. lint the most serious 
consequences are observed in the urinary 
bladder. The mucous membrane is swollen 
and inflamed here and there, chiefly on 
the dorsal surface, the capillaries appear 
varicose and covered with mucus, mixed 
with blood-extra 1 vasations in which Jill- 
lmrzia-v ggs are noticeable. The eggs also 
cause numerous swollen knots in the sub- 
mucous tissue. Should the disease not 
pass beyond this stage (and such is usually 
the case, especially in South Africa), a 
temporary haematuria ensues. The urine, 
which is only expelled with great effort, 
accompanied by intense pain, is mixed with blood, mucous (dots, 
and masses of Bilharzia- eggs, from which some of the embryos 
have already hatched out. The symptoms, however, may gradu- 
ally pass away, and a more or less complete recovery accomplished. 
The disease may indeed be of a far less severe character, and may 
not interfere with the usual occupations of the patient ; but, on 



Fits. 34 . — Bilharzia hatma- 
tnhia C'olil). x 10. The 
female (?) lying in the 
gy microphone cunal of the 
male ( 6 ). ft, Alimentary 
canal ; ?//*, oral euckur of 
male ; rx, ventral suckers. 
(After Leuckurt.) 
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the other hand, a far more extensive thickening of the wall of 
the bladder sometimes occurs ; hard masses of eggs, uric acid 
crystals, and other deposits, may lead to the formation of stones, 
degeneration of the substance of the ureter, and eventually to 
that of the kidney itself. The stone, indeed, has long been 
known to he a prevalent disease in Egypt, and it is now known 
to arise from concretions formed round masses of Bilharzia 
eggs. From the portal vein, again, other Bilharzia may gain 
access to the rectum, or the liver, and it has also been found in 
the lungs, and may give rise to most serious complications, if 
indeed the patient lives. 

How infection occurs is a question to which at present no 
satisfactory answer can be made. The attempt to introduce 
embryos of Bilharzia into the common fresh-water animals of 
Alexandria has hitherto proved fruitless (Luos* 1 ), although there 
seems little doubt that the comparative immunity of Europeans 
from the disease is in some way owing to their drinking purer 
water than the natives. Possibly, as Leuckart suggests, the 
embryo becomes a sporocyst in man himself, somewhat as Taenia 
murina is known to develop in the rat without an intermediate 
host.* The immense numbers of the parasite in one host would 
then readily receive an explanation. 

A Bilharzia , possibly B. haematohia, was found by Cobbold in 
the portal vein of Cercupithccua fuliyino&us ; and B. craasa infests 
the cattle of Egypt, Sicily, and certain parts of India, but does 
not produce haematuria. 

Of the other Trematodes of man and domestic animals there 
is not room to speak fully. Distomuvi pulmonale, which occurs 
in the lungs of the cat, tiger, and dog, as well as in man, is 
especially common in Japan, China, Corea, and Formosa. D . 
sinense and 1). rathouisi have been* also found in inhabitants of 
these countries. * . 

Bisexual Trematodes.-— Zoologically, Bilharzia is interesting 
from its bisexual condition. It is not, however, the only bisexual 
Trematode. In cysts in the branchial chamber of Bay’s bream, 
Brama rati, two worms are found, which are probably the slender 
male and the swollen female of the same species ( Distomum , 
okenii). The only doubt that win arise proceeds from the ' 
tendency in all Trematodes for the male organs to ripen before* ■ 
1 In Leuckart, Die Parasiten d. Mcnschen , pp. 521-528, 1894. 3 Cf. p. 89. 
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th3 femule organs. Until we certainly know that the swollen 
egg-tearing form (?) does not arise from a previously male 
form ( $ ), the case is open to suspicion. 

Since, however, Kulliker 1 never found 
intermediatci hermaphrodite conditions, I wKw f 

this Diatom um may be almost certainly ^ (! 9 

regarded as of distinct sexes. Didymo - J 

goon tliynni (Monostomiwi Upartitum ), 

from cysts on tho gills of the Tunny Fll ,. 35 .-Wrf« WW «^.7Koii. 
( [Tkynnua ), is another case. Two slender showing mule and female as 
worms flattened posteriorly, come to- 

gethor, and the body of Olie liecomes (Ray’s bream). (From Broun, 

folded to receive that of the other. They ***** KoI1,ker ^ Nat *** 

fuse completely except for a small lateral opening through which 
the anterior parts of both worms may freely protrude. The 
enclosing individual contains a coiled uterus filled with eggs, 
and is the female, whereas the smaller individual never possesses 
eggs, and is probably the male. 2 Nematobotlirium (Fig. 22, A), 
which occurs also in the Tunny, iu the form of two immensely 
long individuals intricately wound about each other in a cyst, is, 
however, not bisexual. 


Showing mulu and female as 
they orriir together in the 
branchial cavity of Ilnnnaraii 
(Ray's bream). (From Bronn, 
after Kulliker.) Nat size. 


Table of Digenetic Trematodes and their Life-Histories . 3 * 


Host into which the 

HnPPiM |, 'Inal li.wf 1:irVa 0,lt '‘ rM . *»‘l 1,1 

Species. I Inal host. which (VmiriluJ ttn , 

evHiitually formed. 

DiplndiscuR {Am- ( n ... T . ( Smaller species of 
phistomum)mb- '""I' * f ' T \ J^orbis and- 
eJamtus Gdzc 0 I. Cyclas 

Distant u in. advnia 

n.,; t /) i.m- Not known 


ZJlhr noRfc Into which the Cereartao 

whirl. (Vmlmesn, " My "‘ : 19,16,1 bjr 

eventually flmned. ,IIml 1I0Ml * 

Smaller S pcic'S ..fj IiiwTt 

ljamrlxs and-j hut f ri , |Ucllt l y oi.iitio.l 


Duj. (I). wit- ■[ Sorexarancus 
jransl) uj.) { 


[ (,,1 'l ,ra n,Ma ■ KottaNHn. 


D. atcidiu. v. Ht-ii. Species of lluU (jSZ 

D. ntriventre ( Frogs and T.«ds- l’hym hcUro,tro-( N()t kmwn 
\\einl. \ of N. America ■ pita t 


v , , f Lv cull us acusprs. Cmtropaacs 

Not known { hnmntM (oi^KKia) 

f l A mnar a stag ml is ( Ephemera, Pcrla , Chirouomus 
\ Planorbis conic us \ plumosus 


Anthura gracilis 


1 See Braun. Bronn's Klasscn u. Ordnunycn d. Thicrrcichs , vol. iv. p. 672. 

a Braun, lac. cit. p. 573. 

3 Taken largoly from Braun, Ibid. pp. 864-866, where the literature of the 

autyect is referred to fully. 




2 


PLATYIIELMINTHES — TREMATODA 


CHAP. 


7A ff/i/tuwln Zed. 7i't/m . 

|v,w* . . 

/A dimorphnni f Antra, Cieonia 

Dios. { (Brazil) 

1). (chiaalUM Zed. {«&*£* 


7). cndnlahinn Duj. Tfriwi . 


Host i,,to which the Cm-arlae 

sa*aw 5 « skt- -*-< ™ ,eu by 

eventually funned. 

f Li mn ac it unit a ( v . ..... 

Aww«s crj,c/<» { Z, ;;;^i s i !) {Cera,n,t " mero ' 
Linmaea ovntu llyhi ns f uliyi nouns 

Not known Different species of Fishes 

Species of Lim- Species of Limnur.a, Puludina 
tiara rtripara 

C L. stuff Halts, Oamma.nispu.frr, 
Liiimitcastaijnalisi larvae of Limiiophitus 


Linmitcastaijnalis 


f L. stuff mi J is, On 
larvae 1 of 
rhumb tens 


1). fflobipurum 
Ku«l. 

7). hrjiaticum 
A l)i 1<1. 

7 K hy&trix Duj. 


7>. iiutfirostont nm ( Warblers, Tit 
Ruil. \ Woodpeckers, efc 

I). viilitarr. v. Ben. Common Snipe 

D.nodulosum'M. Perea /tun a tit is 


| Perm Jiuviutilis . Not known | 

mu nji 

{ Sheep, Oxen, Man, Liuuumt truncu- f Omittwl 
etc. tufa \ 

{ 1 ,iscn - { Not known Jlnriuc Kisl.es 

{*— ■*» 


Limnaca staymlis, L. ora fa, 
SiU’cinea pfri fieri, #V. put r is, 
Physa fa at i natis, Planurhis 
man fin ulus 


Pal udinu nri para P. rinpara 


r Pithy uia tcntacu- 
ia/a 


Jyprinus, Aenrina ccmua 


I), oroenudalum. (Species o 

Vulji. J>,n " t tKU,,Hht \ orbit 

Jh ret usual Duj. Puna . . Lint auras 

P. squa mu/a. Dies. Polecat . Unknown 

J>. signatiiiii- Duj. ( ^donotu, ,M " | Unknown 


{ Species of Plan- Prohahly omitted. {Crrraria 
orbis known as V. rystnphoru Wag.) 

, . . ». ( L. sf aa na fis, lurvae of Piny- 

■ l--niiiwrattaijiMht | |(u ^ dM ' 

. Unknown Puna trmporaria 


G aster ostoaium sp. Dogfish, Kays 


Pafudina viripara Unknown 


G. fi mb ri at u in- 
s’. Siel). 

0. y ear Unseens 
Kud. 

Monnsfowum 
jlavuin Mclil. 


| Perea, A> 

{ Lnphius j 

tori us 


i us pisca ■ 
ius 


( Os/rra rdnfis, Car- f 
-{ dium rust ir am , -[ Prlonr. vuhjaris 
{ C. edulc ■ [ 

it r nio, Anodonta / 

U'TSjrs 

l pufymurjihus) [ 

{ 7r , . (Species of Oadus (e.g. G. 

n urn n | ae ,jlrji)iuH), Moira, Lvphias 


Unknown 


Ptanorbis corneus Omitted 


Classification of Trematodes. — We liave seen (p. 63) that it 
is hardly possible to carry out fully the division of Trematodes into 
Monogonea and Digcncu. Nevertheless, pending further inves- 
tigation on the doubtful points, this classification may still be 
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usfed. Monticelli 1 1ms proposed the main divisions of a new classi- 
fication, which has been also adopted by Braun, and is based 
on the nature of the suckers. These divisions are indicated 
below in brackets. 

A. Monogenea v. Ben. (Hetkrocotyi.ka Mont.). 

1. Fam. Tem xocepu ali da e Ilasw. 

(Jen. Tnnrwtrphula Ilasw. 

2. Fam. Tki stom ati dak Tschbg. 

Sub-Fain. 1. Tristunmt iliac Mont. 

Gen. Tristomum , Xitzschia, EpihltUn, Trnchopus, Acantho- 
cotyte, Vhyllonclhi, Placumlhi , Enrotyhdn:. 

Sub-Fain. 2. Monucotyliimc Tschbg. 

Gen. Pseud orotyle, Cnlirntyle •, Monorot yh •. 

Sub-Fam. 3. Udonell iliac v. Beu.-lles.se. 

Gen. Udondla , Echinella , Plerouelltu 

3. Fam. Polystomatidak Tschbg. 

Sub- Fam. 4. Oetocotylinue v. Ben. -llessc*. 

Gen. (ktobothrUun , Plnirncotyhr , Piphr.ooH, A uthnmtylr, 

VaUisnia, 1 *h yllocnt ylc, Ucxncutyh', lUntycutylc , /*/«■- 
ta n orotyle , Dirlidoph u tv. 

Sub-Fam. r>. Polystoinatinae v. lieu. 

Gen. Polystomum , Ouch orotyle, Erpocotyk, Dipluhoihriwm , 
Sphyran ura. 

Sub-Fam. 0. Microrotylinue Tschbg. 

Gen. Microcot ylr, Gnstrocotylr, A .cine, J > seuda.cinr. 

4. Fam. Gyrodactylidak v. Ben. 

Sub-Fam. 7. Gyroclactylinae Par. et Per. 

(Sen. Gyrodartylus , Party toy ij nut, Trtraovrhns, J tiplcrhnnnn. 
Sub-Fam. 8. Calceostoniinae Par. et Per. 

Gen. ( \tlceostom inn, A noplodismx. 

5. Fain. Akpedorothkidak Bunn. ( = Akpiimk’OTYi.ka Monl.). 

Gen. Acqddoyaster, Platyasjri#, Cotyloyuahr, Manvspis. 

B. Digenea v. Ben. (Malacocotylka Mont). 

6. Fam. Holostomatedak Brandes ( = Metartatica Leuckart). 

Gen. JJiplostomum , l*olyeotyle, J/emistunnnn, Ji oh tutu mum. 

7. Fam. Amphestomatidae Mont 

Gen. Amphutonium, Viplndisrns, Gastmlixcm, Umnalotjaster, 
(Jiwtroth ylujr , J spidwotylc. 

8. Fam. Distomatidak Mont. 

Gen. Vistomum (ami sub-genera), lihopalophorus , KudWccria, 
JJilharda . 

9. Fam. Gasteroktomatidae Braun. 

Gen. Gasterostomnm . 

10. Fam. Diiiymozoontidae Mont 

Gen. Didymnznov, Ncmatdbothrinm. 

11. Fam. Monostomatidae Mont. 

Gen. Monostomum , Notocotyle , Ogmogaster, Opi&thotmwn. 

1 Fcstschr.f. Leuckart, 1892, p. 134. 
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INTRODUCTION NATURE OF CESTODES OCCURRENCE OF CESTODES 

THE TAPE-WORMS OF MAN AND DOMESTIC ANIMALS TAHLE 

OF THE LIFE-HISTORIES OF THE PRINCIPAL CESTODES OF MAN 

AND DOMESTIC ANIMALS STRUCTURE AND DEVELOPMENT OF 

CESTODES TABLE FOR Till* DISCRIMINATION OF THE MORE 

USUAL CESTODES OF MAN AND DOMESTIC ANIMALS CLASSI- 

FICATION. 

The Oestodes or Tape -worms are exclusively cridoparasitic 
l’latyhelniinthes living, in the adult condition, in the alimentary 
canal of Vertebrates, with the exception of Archigetcs (Fig. 37), 
which may become mature in the body-cavity of Tnhifex. In 
relation with this wholly parasitic existence, the Cestodos exhibit 
certain charsicteristic modifications in structure and modfe of 
development, such as the formation, by the segmentation of the 
“ neck,” of a (usually) long chain of “ proglottides ” or joints, which 
form the “ body ” of the Cestode ; and the entire absence of an 
alimentary tract, both in the larva and adult. As an adaptation 
to the fixed mode of life, the anterior end (head, scolex) is modi- 
fied to form an adhering organ. Various adaptive forms of larvae 
are known. These live in the internal organs of one or more 
intermediate hosts, and are transferred to the filial host passively 
during a meal. Lastly, there is the curious metamorphosis by 
.which the adult is formed from a portion (scolex) of the larva. 1 ■ 
Taenia solium , from- man (Fig. 39, B), or Echinobothrinm 
(Fig. 3G), from au Elasmobrancli fish, is fixed to the mucous lin- 
ing of the intestine of its host by means of a radially-constructed 

? Cf. p. 5. 
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apparatus of four suckers and a circlet of hooks (Fig. 39), which 
are *borne by the “ head ” or “scolex” being that part of the 


worm which is directly 
derived from part of the 
larva, and which contains 
the central, commissural 
portion of the nervous 
system. Firm adhesion 
to the. host’s intestine is 
necessarv, in order to avoid 
the loosening action of the 
peristaltic movements of 
the intestine as the food 
passes along. The heads 
of different Oostodos ex- 
hibit a marvellous variety 
of suckers and hooks, from 
a mere muscular depres- 
sion in Srhifttorriihulus, to 
the compound proboscu les 
of Trtrarhj/nrhua 1 which 
is found in Elasmobranchs. 
The jointed body, often 
of enormous length (up 
to 20 yards in JJothrin - 
vephaius latits ), is usually 



separated from the head Fl0 ' ■36 .— KrhiHtMhri uwajfnie Dies., from the in- 
1 t testme of Tnrjwlo. x *13. h*1, Ileml ; hk\ 

by a slender Iieck, Ironi hooks ; ///, lob«s of the head ; or, ovary ; pe, 


which the proglottides are 
segmented oil* from beliind 


penis ; ps, ptMiis-slieath ; fr, testes ; vt, uterus ; 
ray, vagina ; yy, yolk-glands. (After IMntner. 2 ) 


forwards, and become more and more individualised as they 


recede further away from the neck by tlie intercalation of 
younger joints. Thus in Fig. 36 the mature, distal proglottis 
has passed through all the stages represented by the other 
segments. * The longitudinal muscles, the nerves, and excretory 
vessels which supply the proglottides are continuous throughout 


1 For figures of various scolices see van Bcncdcu, M&moire sur les vers Intcstin - 
aux, 1861 ; Braun in Bronn’s Thierreich, Cestoda (in progress), Bd. iv. Pi. 
xxxviii.-xlv. 

* Arbeit. Inst . Wien, iii. 1881, p. 163 ; see also ibid. ix. 1890, p. 57. 
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and with those of the head. Each joint contains at first nSile 
genitalia comparable witli those of a Trematodc ; then the ft finale 
organs develop, and finally self-fertilisation follows. The Ostodes 
feed through their skin, probably by the aid of line protoplasm ic 
processes, which penetrate the tough investing membrane and 
absorb the already digested food which bathes them. When a 
proglottis of Calliobotkrium is approaching maturity it separates 
from the parent, the broken ends of muscles, nerves, and excre- 
tory vessels speedily heal, and it is now cap- 
able of continued growth and of fairly active 1 
movement if it remains in the intestine of 
the host According to van Ifrncdcn, it may 
even attain a size equal to, or exceeding, that 
of the whole parent or “ stmhila.” 1 These 
considerations led Ixmckart, von Siebold, 1*. J. 
van Ecncdcn, and others, to Stoonsl.rup’s con- 
clusion that a jointed tape- worm is really a 
colony composed of two generations — the 
head and neck derived from the larva, and 
the proglottides produced by the segmenta- 
tion of the neck. 2 This view of the colonial 
nature of jointed Ccstodes was generally 

Vl 1 ‘ . adopted from 1 «S fi 1 to 1.S.S0. During the 

siehntifii [ttjt/Mw/i- . * _ . , . 

nthiiH * ), from tho last fifteen years, however, the varied inter- 

riiuiforuM* T 'x'aS P^itions of the facts of the ontogeny of this 
app. Persistent larvai group have led some authors to adopt the 
tiriS ; i^ S per- ^lonozootic view (that a Cestode is one imli- 
sistcut lnrvui hooks ; vi dual), others are still of the older opinion, 
8ucker > ; VI <c l ^ tested; ull< * Hiitmshek (Lehrbuch; p. 349) and Lang 
vtu yoik-Riamis. take up intermediate positions. Lang considers 
(After Leuckait.) t] lti formation of the joints of a tape- 

worm from a small fixed “ scolex,” is not only largely comparable 
with the strohilation of a mjph istoma and the consequent forma- 
tion of a pile of medusae, as in the life-history of Aurelia, but 

1 The mature proglottis of Calliobotkrium csehrichti is 8-9 mm. long, whereas 
the strobila only measures 4-5 mm. in length. Species of VhylUobothrium, Ant ho - 
hothriu/H , and Tetrarkynchns show a similar hut not an equal contrast between 
the size of the parent and proglottis (1\ J. van Beneden, 1 ‘ Lcs Vers Cestoides,” 
Xoitv. Mt-tn. de V Acad. Roy. d. Belgique, tom. xxv. 1850). 

9 The difficult question of the nature of the Cestode body and Cestode larvae 
is adequately discussed by Braun, loe. cit. p. 1167. 
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that both processes have arisen from the 
powgr of regenerating the necessary 
organs in each of the new segments. The 
result in both cases is the rapid forma- 
tion of a number of joints, which gradu 
ally separate from the parent, to cany 
the eggs and young to new stations. Just 
as some Coelenterata (Lurerwiriii) may be 
regarded as not having advanced much 
beyond a scyphi stoma stage, so there are 
unisegmental Cestodes (e.g. Arch iyrtes , 
Fig. 3 7) which have remained as a 
slightly altered but sexual senlex, directly 
comparable with a Tremutode, and, as all 
authors are agreed, representing one gene- 
ration only. Such monoznotic forms are. 
now classed as a special family, the 
Ostodaria or Monozoa, of which Varya- 
phy/feus vutt/fhiliti, from the intestine of 
various Cyprinoid fish, is the most abund- 
ant representative, while A w pl\ iplychc s 
(flymcutyU) urn a, from Chimacm man- 
sfrnm of the northern hemisphere, is 
paralleled by A. ruyusu, found in Calfa- 
rhynchus antarctic us of the southern 
seas. 

Occurrence of Oestodes. — The dis- 
tribution of Cestodes and their larvae 
is analogous to that of the digenetic 
Trematodes, although the absence of an 
alimentarv canal limits the habitat of the 
mature worms to certain sites, such sis the 
blood-vessels, the lymphatic and coclomic 
sjkiccs, and* the digestive system, where 
their body limy be bathed by a nutritive 
fluid. Almost all groups of Vertebrates 
urn attacked by Cestodes. Those, of fishes, 
and particularly of Elasmobranchs, are 
distinguished by certain structural and 
developmental features ; those of birds by 



Fro. 38. — Scolex jmlf/morphvs 
I lud. (larvu of ( 'uJUnhnthri mu 
Jili mile Zschokke), from tin* 
muscles of AjHMftm, a Medi- 
terranean tish ; also found in 
many Invertebrates (e.g. 
Stpiti). A, Inverted senlex, 
with calcareous bodies ; B, 
everted older larva. h/\ 
Brain ; exn, terminal excre- 
tory aperture ;/r, Maine- cel Is ; 
fnr.!tcc % Hecondiiry excretory 
pores ; hk % hooks of the adult 
(Jestode ; //mu/, pit at the 
bottom of which the head 
is developed ; ume, anterior 
sucker ; nl % lateral nerve ; sc, 
suckers ; it, tp, lateral ami 
main excretory vessels. (After 
Monticelli.) 
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others; those of mammals, by a third set of character^. THfe 
young stages of the Cestodes of Sharks and Rays occur encysted 
in the body-cavity, or in the pyloric appendages, of Teleosteans, 
which probably swallow them along with those invertebrate 
animals upon which they prey. The larvae of the Cestodes of 
carnivorous mammals or piscivorous birds, live respectively in 
herbivores and fishes, but how the latter are infected we know 
in very few instances. Cestode larvae are known to occur in many 
Invertebrates, and occasionally are taken free swimming in the 
sea, presumably crossing from one host to the next. Cteno- 
phores, Siphonopl lores, Copcpods, Ostracods, Decapods, various 
Molluscs especially Ccplialopods, Earthworms, and other Anne- 
lids, are the -intermediate hosts of these larvae (see Fig. 38), 
the fate of which, however, has been determined in but few cases. 

. Occurrence of Cestodes in Man . 1 — Tape-worms, either in 
the adult or larval stages (bladder- worms), have, from undent 
times, been known to occur in man, and in the animals that serve 
him as food. Until comparatively recent times, however, the 
true nature of these parasites, and particularly of 14 hydatids ” 
(cystic larvae), was unrecognised. Up to the seventeenth 
century the larvae were regarded as abscesses or diseased growths 
1 of the affected organs, and it was only at the close of that century 
that their animal nature was even suggested, Even at the 
beginning of the nineteenth century, three inodes of origin of 
Cestodes — by " generatio aequivocu ” from the tissue's of the body, 
or by the union of previously distinct proglottides, or again by 
metamorphosis of free-living worms drunk with water by cattle 
or birds (as Linnaeus suggested) — were still variously held, at a 
time when Malpighi, Pallas, and Goeze had recognised the true 
connexion between the cystic and segmented states of Taenia 
n'assicoilis (the cat tape-worm), and when Goeze had seen the- 
eggs of Taeniae, and Abildgiiard 2 laid even conducted the first/ 
helminthological experiments (conversion of the Larval Schisto- ■ 
erphatvs , Fig. 40, into the adult form). 

Generally speaking, “a tape- worm” in Western Europe will 
prove to be Taenia sayinata Goeze (the beef tape-worm. Fig. 39, A), 

1 Lcuckurt, Die Pamsitcn d. Mcnsdtm [English trans. by W. E. Hoyle] ; 
Blanchard, Traite de Zoo logic mklicah 1893. 

* For a. full account of the history of this subject see Leuckart, Parasitcnd . 
Menschm, p. 28 ; Braun, loc . cit. Bd. iv. p. 929 et seq . ; Huxley, Collected Essays, 
vol. viii. p. 229. 
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exceedingly prevalent also in the East, and indeed cosmopolitan, 
occurring wherever the infected flesh of the ox is eaten in a raw 
or lialf-cooked state. Its attacks. 


are fortunately not usually 
severe. Taenia solium Bud. 
(the pork tape-worm) is found 
wherever the pig is kept as a 
domestic animal, and has con- 
sequently a world-wide distri- 
bution. Its size (G-9 feet long) 
and powers of adhesion would 
alone render f l\ solium a for- 
midable parasite. But the 
danger of its presence in the 
body of man, or in the flesh of 
pigs, lies in the fact that the 
larva or bladder-worm (known 
as Cyst ice reus ce/lulosae ) can live 
in the most varied organs. Thus 
if by accident a mature pro- 
glottis be eaten, the embryos 
escape, boro their way into the 
wall of the stomach, and enter- 
ing the portal vein, may reach 
in time the muscles, the brain, 
the eye, or even the heart itself, 
and uttuiu the cystic condition. 
Even more disastrous may be 
the result, should some ripe 
joints of a mature worm work 
their way from the intestine, 
back towards the stomach. 
Should this happen (and though 
it lias not been directly proved, 
the possibility is to be reckoned 
with), the result would be the 
release of vast numljers of em- 
bryos capable of inflicting fatal 
injury on the host. An abnor- 
mal Cysticerms of this species 



11 LG. 30. — A* To mi ft in n la CSoezc. Nat. 
size. (From a ccinien in flit.* Giini- 
hridgf* Museum. Tim approximate 
lengths of the i lion* omitted in tlie 
drawing are give At * (idler Ijeuck- 
art) the branched uterus and the. longi- 
tudinal ;md transverse excretory vessels 
arc shown. The genital apertures are 
seen us a lateral opening on each of the 
larger proglottides. B, Head (seolex) 
of T. noliuM Kud. x 12. (After 
Leuukart.) 

is probably the Taenia (Cysti- 
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cereus) acanthotrias Weinl. (see, however, Leuckart, loc. c\L p. 

ni) ; / 

Taniia ( Hymcnolepis ) nann v. Sieh. 1 is found in mini in 
Egypt, Italy, England, Servia, Argentine Republic, and the 
United States. Though small (£-1 inch long), its numbers 
usually excite digestive and nervous disorders of considerable 
severity, more serious, indeed, than those caused by the commoner 
tape-worms. II dim-inn ta Rud. (Jlavopunctata Weinl.), normally 
found in Rodents, has been rarely recorded in man. Taenia 
(Dipi/lidium) caninum L. ( = T. cucumerina Bloch = T. elliptica. 
Batsch), the commonest parasite of pet cats and dogs, and T. 
(Dura i nett.) m adayascar ie.ns is Davaine, have occasionally been 
recorded from infants and young children. But the attacks of 
these species are insignificant in comparison with those of the 
cystic stage {Echinococcus judy morph us) of a tape- worm (7\ echino- 
coccus v. Sieb.) which lives when mature in the dog. 

Echinococcus is most frequent in Iceland, where it affects 2 
to 3 per cent of the population, and a still larger proportion of 
sheep; while in Copenhagen, Northern Germany, some districts 
of Switzerland, and Victoria it is not uncommon, but is frequently 
found during post- mortem examinations when no definite, symptoms 
of its presence hail been previously noticed. Echinococcus'- varies 
greatly in size, form, and mode, of growth, but is distinguished 
in the formation not of one scolex only, as in the Cysticcmis , but 
in the production of a number of vesicles, usually from the inner 
wall. Within these, large numbers of scoliees may be developed. 
The whole organism continues to swell by the formation of a watery 
liquid within it, and if its growth be rapid the fluid tension may 
cause the rupture of the enclosing connective -tissue capsule 
formed around the parasite, at the expense of the host, and the, 
protrusion of the daughter vesicles. It is the consequent injury 
to the surrounding organs of the host, at this critical stage, often 
only reached after the lapse of several years, that occasions 
serious or even fatal results. Zoologically, Taenia echinococcus 
and 2\ coenurus are interesting, since they exhibit an indubit- 

3 By Orassi this form is considered identical with T. murina. Tho latter 
specios is known, from this author's researches, to develop in rats without migra- 
tion into an intermediate host. Should Orassi ’b synonymy prove correct, tho 
presence of large numbers of this tape-worm in man would readily receive its 
explanation. 

u Leuckart, loc. cit. p. 752 ct scq. 
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abla alternation of asexual generations in the larval state, with 
a sexfcuil adult stage. 

Bothriacephalns lotus Brems., the broad tape-worm, which 
attains a length of 20-30 feet, or even more, occurs in man 
endemically in the eastern Baltic provinces, certain parts of 
Switzerland, generally throughout Russia (especially near Kasai 1 ), 
in North America, and commonly in Japan, — that is, in districts 
where the population partake largely of pike or other fish in a 
raw or partially-cooked state. Elsewhere it occurs sporadically, 
and in Munich, where it was unknown l>efore 1880, its presence 
has been traced to emigrants from infected districts, who settled 
on the shores of the Stnrenberger Ijike, from which Munich was 
supplied with lisli. How the pike, the usual but not invariable 
intermediate host, becomes infested (and its musculature is 
frequently riddled with the larvae) we do not accurately know, 
but some Invertebrate, the prey of the pike, is prolmhly the first 
host into which the free-Hwimming ciliated larva (Fig. 42) finds 
its way. In (Greenland, B . curdatus is very common in the dog, 
and probably also in man, though few cases have been recorded. 
B. wansoni Cobb. ( = B. liguloides Leuck.) was, till recently, 
known only in the larval state from China and Japan. Tijima, 
however, has found older specimens in the latter country. B. 
cristatus Dav. is a species founded somewhat doubtfully on two 
fragments found, one in a child, the other in a man, in France. 

Occurrence of Cestodes in Domestic Animals . 1 — Among 
domestic animals, the dog is, undoubtedly, the most frequently 
attacked by Taeniae. Six species of Taenia (T. serrata, viar- 
yinata , cocnurus, echinococcus , kmhhei , and possibly T, scriolis ), 
IHpy! idi tun caninum (the commonest form), Mesoccstoides lineatus , 
and three or four species of Bothriocephalvs have been found in 
the dog. The table of life-histories (p. 83) shows that sheep, 
rabbits and other Rodents serve as the intermediate hosts, in 
which' the cystic stages of the species of Taenia are found. 
Hence the prevalence of T. serrata in a given locality is con- 
nected with the abundance there of the rabbit and hare, in which 
the larva (Cysticercus jrisiformis) occurs. Bothrioceph alus cordatus 
develops from the young stage present in the fish which the 
Icelanders give to their dogs. In Iceland and certain purts of 

1 The distinctive features of these and the foregoing tape-worms are given on 
pp. 89-90. 
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Australia T. echinococcus infests one-third to one-half the lumber 
of dogs examined ; a fact connected with the frequency of JSrinino- 
eocoua in man in these countries. 

In sheep the most noteworthy and dangerous parasite is 
Cocnnrus ccrrhralis (or the cystic stage of the dog-taenia, T. 
cocnnrus'), which gives rise to the disease known as “gid” or 
" staggers.” It is found in various parts of the brain or spinal 
cord, and the symptoms differ according to the position of the 
parasite. If this presses upon one hemisphere the sheep describes 
circles and finally falls: if on the optic lobes, the eves are 
affected : if the pressure affects the cerelielluni the movements 
of the sheep arc uncertain and incoordinated. Four or six 
weeks after the appearance of the symptoms, death results from 
cerebral paralysis, or from general debility, and the loss of sheep 
incurred by this disease (happily less frequent in England than 
formerly) lias lieen calculated by Youatt at a million for France 
annually ; at 35 per cent of the flocks for England in bad seasons ; 
and about 2 per cent for Germany. .Besides sheep, which are 
most subject to “ gid ” during their first year, various ruminants 
— Goat, Ox, Mouillon, Chamois, Hon, Antelope, lieindeer, Drome- 
dary — are attacked in the same way. A similar form, Cornurvs 
serial is Baill., is common in the wild rabbit in this country, and 
in Australia in the hare and squirrel. It forms large swellings 
in the connective tissue of various parts of the body, but usually 
does not affect the health of the host. It is not known in what 
carnivore Taenia srrialis Baill. normally occurs. Experiments 
have, however, shown that it develops rapidly in dogs. 

The preventive measures which are steadily diminishing the 
prevalence of the Cestode parasites in man in some parts of 
Western Europe cannot be dealt with here, but it may be 
noticed that the Jewish observance with regard to swine is the 
surest preventive measure against taeniasis and trichinosis. 
Careful inspection of meat and general cleanliness, are the lead- 
ing measures that in these hygienic matters secure the greatest 
immunity from disease. 
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Thble of the Life-Histories of the principal Cestodes of 
Man and the Domestic Animals. 


rest ole. Final In m1. 

Taenia sc r rata f ,* 

(ioeze 1 1)o « 

Ijirva. 

f Cyst ire reus pisi - 
\ for mis Zed. 

Iiitcrmocliato host. 

Rabbit, Hare, Mice (liver and 
peritoneum) 

T. maryinata 1 

Batsch 1 

^ Dog, Wolf 

f Cyst, tcnuieollis 
{ ttud. 

Monkeys, Ruminants, Ungu- 
lates (in peritoneum) 

T. snyinata floeze 1 
(= T. medio--. 
candhUa Kiich. ) | 

| Man . 

. Cyst, hovis Cobh. 

Ox, (lirallc. (in muscles) 

1\ solium Rml. 

Man . 

( Cyst. cell ul 08 u r 

1 Hud. (ICyst. 
m \ aca nthot rias‘ 
\ Weinl.) 

r Pig, Man, Monkeys, Bear, 
Dog, Cut, Black Rat -in 
various organs) 


T. rrassicollis 

liu'l. 

T. rornnrus Kiich. 
T. serial is Baill. 


T. rrhi noeoccus 
v. Nii'li. 


^ Iojk'j llorsu 

J I)«K • ■ • { " fMit { KaM.it (co.in.Ttiv.- tissue) 

Dog, Dingo, 

Jackal, Wolf 


h inocorcus poly- f Mail, M onkeys, iiimiy ^ ( ar- 
norphus Dies. I uivorcs, Rodents, Ungii- 
iucl. K. mufti-l lutes, H11 mi Hants, ami 
’ocularis found I Marsupials; also in Turkey 
n Man) \ and otlici birds 


Munir- i a rxpansa 

Hud. 

Thy so nosoma- Jim- \ 
iirintu Dies. I 

St i Irsia ylohip un c- f 
tutu Hiv. 1. 

Anoplorrphala f 
perfoliata <.»oeze\ 

Dip [/lid i a in ea n i- 
■num L (- 
Taenia cucumr- 
rina Bloch - 
T. clliptica I 
Batsch) 

Hymcnolcpis f 
munna Duj. \ 

IT. nana v. Sieb. 


S1..-C!., Ox, r v„k..own 

etc. I 

Shceji, Corvidae f Unknown 
Sheep . . . Unknown 

Horse . . Unknown 


f Cysticercoid larva C 

.. fy . | (Fig. 43), Cryp- | Body-cavity of Trirhodcctrs 

Man, I)og, Cat \ /ocystis trichuA and Pule# of I)og 

dcctis Vi 11. \ 


Mouse, Rat 
Man . 


{ Ccrcocystis Vill. 1 f 

(dcvelons iu-J Usually 
parental host) [ 

. Unknown 


absent 


7/.<fi»i»nwtaRud. f * [ Meal-moth, Asopxa (Pyralxs) 

( = Taenia fluvo- f Man, Mouse, Rat Ccrcocystis Vill. 4 farinalis; ' also certain 
punctata Weinl.) { V. Orthopteru and Coleoptera 

1 For description of the Ccrcocystis - larva see. Villot, Ann. Sci. Xat. {Zuol . ) (6), xv. 
1883, Art 4 ; and compare Leuckart’s criticism of this paper, “Parasilcn" p. 979. 
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Cental!'. Filial boat. 

Larva. 

Intermediate honk, ' 

Drejtanitlufacn ia Duck, Goose, Wild 

gracilis Zed. Duck 

| Cercocystis Vill. 

(The Oatracods Gamma rat-. 
| train and Gyp r is dmpnssa, 
l and also Cyclops viridis 

D.anafiuaKruhhe Duck . 

t> tt 

f Gypris incony mens , and also 
[ Perch 

D. sctiycra Frbh. Goose . 

n ii 

Cycles brev-ieaudatux 

Vifar'l 0 -—"- 1 •' 

if n 

House-fly 

Dicranatar.ma f Tl . 

coronula Dig. [ 1,utK * 

»t n 

Cypris ovum 

Davainra nroylot - / « - 

tim Dav. ' 

tf »i 

? Li max cine reus, L. ayrestis 


Unknown 


sr* {»— • • 

Unknown 

? Ants 

Mrsoccstnides line- f Tl 
at us Ciocze | • 

Unknown 


•SMS? | 

1 'soUd^elomnitr f Probably first enters an Inver- 
i ’ { tebrate host, which is eaten 

1 bkdder l >*y l^b. Trout, etc. 


Structure and Development of Cestoda. 1 — Of the unseg- 
merited Cestodes, Cimjopliyllttrv& mutabilis, from the intestine of 
carp and other Cyprinoid fishes, is the most easily accessible form. 


Fid. 40. —A, Stiekle- 
l»aek ((wastcrttstriiM 
dev fra fits) in Mud 
by an advunced 
larva of Srhisto- 
rrphalns solidus 
Crept B, Thu 
larva. All x X}. 
(From specimens 
in the Cambridge 
University Mu- 
seum.) 

B 

Triaenophorufi nodulosus , which is very useful for the study of the 
excretory system* occurs mature in the pike. In the body-cavity of 
the Stickleback (Fig. 40) a lurge, broad, yellow woriu may sometimes 

1 Monies:, “Sur les Cyaticcrques," Paris, 1SS0; Id. "Sur les Ccstodes," 1881 ; 
Zscliokke, “ Recherche* sur ia structure auatomique et liistologique d. Ccstodes," 
Geneve, 1888. 
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be •found, the larva of Schistoeeph alus solidus Crepl., which occurs 
in the intestine of Terns, Storks, Mergansers, and other birds. 
Species of Ligula are found in the same birds. The intestine 
of a Lophius or (■ycloplrrus (“ lump-fish ”) contains, usually, 
the early and intermediate stages of various Cestodes, while 
the .alimentary canal of Elusinobranchs often contain many 
peculiar Tetrarhynchidae and other forms. For the study 
of development, the Taenia anatina from the duck may be 
used. The ripe proglottides are collected, and the eggs placed 
with Cypris or am. in an aquarium, with the probability that 
some of the embryos will enter the Ostrucod, and the peculiar 
Cystieercoid maybe bred. 1 Ci/stirerr as pisiform is and Coenvrits 
srrialis , which occur commonly in rabbits, are also suitable 
objects for examination. 

A Cestode such as Echinobothrium (Fig. 36) is divisible 
into head and proglottides. Monies lias suggested that the 
head is really the morphologically hinder end of the body, in 
which case the formation of proglottides would closely resemble 
the mode of segmentation of an Annelid larva. The close 
similarity, however, between the Cystieercoid larva (Fig. 43, F) 
and the Cercaria of a liver-fluke, seems to show that the anterior 
end is the same in both cases, and since *it bears the central part 
of the nervous system, we may reasonably call it the “ head.” 
Moreover the hinder end of a Fluty helminth usually possesses 
the chief excretory pore. Another difficulty is the determina- 
tion of dorsal anil ventral surfaces. Authors are agreed, — on 
the analogy of Trematodes, in which the teste's are usually dorsal 
and the ovaries ventral, — that the dorsul and ventral aspects of a 
Cestode are determined by the position of these organs, although 
the often radially formed “ head,” the lateral or superficial posi- 
tion of the genital apertures, and the variability of thews features, 
render it a matter of considerable doubt whether “dorsal” and 
“ ventral ” “ are more than useful conventional terms. The 
suckers and hooks arc borne on a muscular cap, the 11 rostellum,” 
which is only slightly developed ’ in the Ichthyotucniae. The 
body is solid, and is divisible into an outer muscular coat — 
enveloped in a (possibly epidermal) investing membrane — ami 
an inner parenchymatous tissue containing the chief part of the 
excretory, nervous, and reproductive systems. One or two pairs 
1 Schmidt, Archivf. Xuturgcschichtc, Jahl-g. lx. Bd. 1, 1894, }>. 65. 
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of longitudinal excretory vessels are present, usually connected* by 
transverse ducts and opening by a single terminal pore. Occa- 
sionally a regularly paired arrangement of lateral or secondary 
pores is present (Figs. 38 and 41, for. see). Flame-cells occur at 
the end of the fine tubules (Fig. 38), and the whole system is 
well developed, but may undergo degenerative changes in the 
older proglottides. The central nervous system varies according 
to the degree of differentiation of the rostellum ; and, owing to 
the difficulty of staining the nerves and the contradictory state- 
ments of authors, we do not yet possess a fully reliaible account 
of the nervous system even of the commoner Taeniae 1 !. Free 
nerve endings and other sensory terminations have been recently 



Fki. 41. — Diagrammatic transverse section of Sfhi*tt\cephrd\tR wJit/vx fiv.pl., from tin* 
Wilil-duck, illustrative of the Cestodes with uterine ajxirture (//A#), x 12. rv, 
Cirrns-sik! ; for. one of the paired lateral openings of the excretory vessels ; In, 
longitudinal nerve ; m\ ovary ; u/.v/, oviduct ; /#'/*.//», parenchymatous muscles ; 
r.wm, rccept-aculuui seminis ; *//.y/, shell -gland ; tr, testes ; ///, uterus ; nto % uterine 
pore; vagina; if/, vasa deferentia ; yd. yolk -duct ; y*j. yolk-glands (black); 
6, male, 9, female genital aperture. (Alter Rich m.) 

Btated to exist in the cuticle of Cestodcs and Trenmtodes. If 
true, this would tend to show that the parasitic mode of life of 
these animals demands a complex nervous system comparable 
with that of the Turbellnrin. 

The reproductive organs, unlike the preceding systems, are 
discontinuous from one proglottis to the next. The male and 
female organs and their mutual connexions, especially in the. 
unsegmented Cestodes, may be compared in detail with those 
of Trematodes, but the difference between the arrangement of the 
generative organs of various Cestodes is very great. 1 The penis 
(Fig. 41, cs) is evaginated through the male pore (Fig. 41, cf ), 
and inserted far into the vagina ( 9 , rag) of the same or another 

1 For example, the genitalia in Dipylidium eaninum are duplicated in each 
proglottis. Other differences are noted in the following table (pp. 89-90). 
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segment of the tape-worm. From this fact and the anatomical 
relations of the vagina, it is Incoming increasingly probable that 
the so-called uterus of Trematodos is an organ corresponding to 
the vagina- of (Vstodes, and not to the uterus of CVstodes. The 
latter opens to the exterior in Seh ixtuc.ephalux, Jiothrioccphalvs , 
and some other Cestodes of fishes by a special pore (Fig. 41, 
•uto\ Through this, some of the eggs (which in these genera 
give rise to ciliated larvae) are enabled to escape, and need not 
wait for the detachment of the proglottis, as must happen in the 
Taeniidae, where the uterus is closed. This uterus, a true physio- 
logical one, is probably the homologue of the “canal of Liu re r ” 
(“ Laiuvr-Stieda canal,” or “ vagina ”) of Treniatoda. The fertilised 



Flfi. 4*J. — A, Free-swimming, six -lux iked larva of Both riocephahts la (us Itrciiis. (the 
broad tape- worm of Man), still unclosed in u ciliated (possibly cellular) double 
membrano or mantle. In this « > oii<litioii it may continue to live in water for a week 
or more, hut eventually throws oil' its ciliated coat (as in B) and commences to 
creep about- vigorously by the aid of its books, in search of its lirst host, which is at 
present unknown. (After Schauinsland.) x tSOO. 


ovum and yolk are brought together into the “ ootype,” where 
the shell-gland forms the egg-shell around them (Fig. 41, s/m//), 
and the egg iH then passed into the uterus. The ovum segments 
to form a minute six-hooked larva, which may (Hothriidae, Fig. 42) 
or may not (Taeniidae) be ciliated. Thus in Taenia Re r rata the 
proglottides are shod with the faeces of the host (dog), and they 
protect the young from the desiccating influence of the surround- 
ings. If inadvertently eaten by a rabbit along with herbs, the 
proglottis and larval envelope are digested, and by its six bonks 
the tiny larva bores through the gastric wall into the portal vein, 
and so into the liver. Here the hooks are thrown oft', and the 
solid mass of cells becomes vacuolated. At one pole an iuvagi- 



Fig. 43. — Stages in t/o de- 
velopiiieut of JHpylidiuni 
eanimnn L, ( = Taenia 
elliptic a Batsch, T. cucu- 
wtrina Bloch), thu com- 
monest of the Dog- Taeniae ; 
romjmre Fig. 44. A, 
Six - hooked larva (now 
often spoken of ns an 
“ Oncliosphneru *’); B, 
larva elongating ; forma- 
tion of a central lacuna; 
C t larva further advanced ; 

D, distinction lietween 
iKsly and tail is viNihle ; 

E, invagination of the 
rostelluin is commencing ; 

F, Cysticercoid lurva with 
four suckers, invagiuated 
rostelluin, ami excretory 
vessels, r, Culcareous con- 
cretions in cells of the 
larva ; e.r.u, excretory 
aperture ; cs. r, excretory 
vessels ; inr, invagination 
coiiinieuciug ; rest, rostcl- 
Iimi ; sc-, suckers. (After 
(Inissi and Kovelli; highly 
inaguilied.) 




Fig. 44. — Schematic longi- 
tudinal sections 
through the larvae of 
Dipyli.il i um can inum 
L All these stages 
are passed in the 
body - cavity of the 
Dog-Ilea ( Duh'.c senn* 
fieejm). (Compare Fig. 
43 for further details. ) 
A, Six -hooked larva 
with developing rostel- 
lum (shaded) and 
suckers (block). In 
this species the invagi- 
nation (Gi in ray. ) occurs 
after the formation of 
these organs, and not, 
as in most Taeniae, before it. B, Invagination commencing; the hooks are developing 
above the rostelluin, while beneath it the nervous system (dotted) is seen. 0, The 
invagination has now carried tlic suckers inwards. The tail has become distiucl* and 
the whole larva at this stage is known ah a Cysticercoid. hk\ Larval hooks ; tuna//, 
mouth of the invagination ; n, central nervous system ; rout, rostelluin and hooks ; sc, 
suckers, of which only two can lie seen in a longitudinal section ; four are reully 
present. (Alter Grossi and Kovelli.) 
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nation occurs, at the bottom of which the rustellum, suckers, 
and'Hiooks are gradually formed, but inside out as compared with 
the head of the Taenia serrata . At this stage the larva (Cys- 
tArr.rcus pisiformix) lias usually issued from the liver and attached 
itself to the omentum. The invagination projects into the cavity 
of the bladder, within which a watery fluid accumulates. Thus 
the “ bladder worm ” is formed, the head of which is evagiuated 
if the larva be introduced into the digestive system of a dog. The 
bladder and neck of invagination are digested, while the head* 
protected by these, remains, and forms the neck, from which the 
proglottides are afterwards segmented off. I11 Taenia (Hymcno- 
lejtis) marina the whole development may take place in the 
parental host, the larva living in the villi, the adults in the 1 
cavity of the same rat's intestine (Gimsi). The different forms 
of Cestode larvae depend largely upon the presence and degree of 
development of the caudal vesicle or bladder, which in Scot ex 
polymorphnx (Fig. 08) (the young stage of CaUiohnthriaw. jiliculle 
Zscli.) is practically absent. If the bladder be small, the larva 
is known as a Cysticercoid. For example, the common Dtpylulinm 
vaninuw , which lives in the dog, lias such a larva, the develop- 
ment of which is explained and illustrated by Figs. 4:5 and 
44. The bladder becomes exceeding capacious in Cocnimis and 
Jichinocoecus. 


Table for the Discrimination of the more usual Cestodes 
of Man and Domestic Animals . 1 


J. Scolux in most casus with hooks ; uterus with a median und lateral 
brunches ; yolk-glands simple, median ; genital pore single ; dorsal 
excretory vessel narrower than the ventrul, without a circular com- 
missural truuk ; eggs without pyriform apparatus (processes of the 
ovarian membrane) . . . Gen. Taenia L. (s. str.) 

A. Genital ducts pass on the ventral side of the nerve and .of the two 

longitudinal excretory vessels . . T. cmsdeollia Rud. 

B. Genital ducts pass between the dorsal and ventral longitudinal vessels. 

а. Nerve present on dorsal side of genital ducts. 

a. Head armed . . . ", . T. solium Rud. 

ft. Head unarnfed T. sayinatu Goeze. 

б. Nerve on ventral side of genital ducts. 


1 See Stiles, Gevtiralbl. /. Balt. u. Farasitenbundc , 1893, xiii. p. 457 (conf. 
note, p. 90). 
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Dog-Taeniae 1 


Head armed ; 
genital pore 
marginal 
and 


Single 


/Bifid hooks, 
which are 


Many proglottides ; 
strobila several 
centimetres long;^ 
small hooks with 
guard. 


Entire large 
hooks, which 
are 


1 3-4 segments ; a few mm. long . 
'"Double and bilateral 
Head unarmed ; two genital pores on ventral surface 


‘230/1-260 fi long 9 ; gejiital 
pore very distinct 

7*. serrata floeze. 

136/1^157/1 long ; genital 
pore not very salient 

T. serial is Ball. 

} 180/i-220/i long ; length of 
mature segments double 
their width 

T. maryinata Bat sch. 

150/i-l70/i long ; length of 
mature segments treble 
their width 

T. €<»' mrrus Kiicli. 
T. eehinne-neeus v. Sii*l>. 
Jiipylidiuni camnmn L. 
il fesocestoides linn this (ioeze. 


II. 


Scolex without hooks ; one or two transverse uteri present ; one or two 
genital pores and ynik-gkinds, the latter never median ; genital ducts 
l>as8 on the dorsal side of the nerve ; eggs with pyrilurm apparatus. 
IL One transverse uterus jircsent. 

«. Uterus with bullate egg-sacs ; pyriform apparatus without horns ; 
genital ducts between dorsal and ventral vessels 

Tuysanosoma Dies. 

a. Head large (1*5 mm.); square lobed testes in median field; 
posterior margin of segments limbriuted ; genital pore double 

T. fimhnata Dies. 

/3. Head small ; no fimbriae ; pore rarely double . T. yinrdii Riv. 
h. Uterus without saccular dilatations; segments short, thick, and 
slightly imbricate . . A noplocephal a E. Blanch. 

( , , fNo posterior lobes A. plv'ata Zed. 

J a. ear \er> argej p |)Up lobes A. perfoliata (Ioeze 

| p. Head small, without posterior lobes A . wnmillnna Meld. 
Two uteri and two genital pores present- ; horns of pyriform apparatus 
well developed ; genital ducts pass on the dorsal side of the longi- 
tudinal vessels .... Moxiezia R. Bl. 

a. lnterproglottidal glands 3 * * arranged in linear scries ( planisnma 

group) . . il/. planissima S. and H. 

M. bettedetii Mz. M. nenmani Mz. 

b. lnterproglottidal glands saccular (< vxpansa group) M. expan sa Bud. 

M. (jhlmHjictps S. and 11. M. triyonophora S. and H. 

v. lnterproglottidal glands absent 

...... x f M. dvnticulata Rud. 

(dwUcMta group) \ ALalbllFer ^ 

Uterus single or double, without spore-like egg-saes ; eggs with a 
single shell ; genital pores irregularly alternate ; strobila narrow ; 
testes absent from median part of the field . Stilesia Rail!. 


House- 

Taeniae, 


1 Taken from Neumann, Parasites of Domesticated Animals , 1892, p. 448. 

■ 2 /* = rAw millimetre. 

* For a description of these glands, and for further diagnostic details and litera- * 

ture, see Stiles and Hassall, U. if. Department of Agriculture , Bureau of Animal 

Industry, Bulletin 4, 1893. 
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• a. A transverse uterus in middle part of median field ; head 2 nun. 
* diameter . . • . S. rentripunctata Riv. 

Ik Two lateral uteri in each segment ; head less than 1 mm. in 
diameter . . . . S. ylobipnnctata Riv. 

III. Scolex almost invariably provided with hooks ; genital pores on left 

border of segment ; eggs with three shells hut no cornua. Segments 
broader than long ; posterior angles salient. Hymenolkpis We ini. 
a. Scolex with a single series of 24-30 hooks, each 14-1 8ft long 

H. nana v. Sieb. II murina Duj. 
h. Scolex very small, unarmed . . II. dhninnta Bud. 

IV. Scolex provided with two elongated muscular pits. Body segmented ; 

three genital apertures in middle of ventral surface 

Bothriockphalus Rud. 
Body 2-20 metres in length . R latus Brcms. />. rrintahut Duv. 
(doubtful species). JS. rnrdatw Leuck. R mnmni Gobb. 

( = R liyuloide* Leuck.) 

Classification of Cestodes. — Tin* following classification, 
which, so far as the Taeniidae are concerned, follows that 
employed by Railliet, Blanchard, and most recent writers, in- 
cludes only a few representative genera : 

1. Fam. Ckstodariidae Mont. (Monoxoa Lang). 

Gen. Caryophyllam s, Archiyrtes , (!ymvtyh\ A niphilinn. 

2. Fam. Bothriocepiialidae. 

Sub-Fum. 1. Botliriocephalinae. Gen. lluthrimephulus, Sell i stove] dial us, 
Triacnophorus ( — Trie imp idaria ). 

Sub-Fam. 2. Ligulinae. Gen. J.Ujnla. 

Sub-Fain. 3. Solenophorimuv Gen. Solenophorns, Duthiema . 
Sub-Fain. 4. Dipliyllinac. Gen. Evhinobotlmuin . 

3. Fam. Tetkaiuiynchidae. . 

Gen. Tetrarhynvhua. 

4. Fam. Tetraphyijjdak. 

Sub-Fum. 1. Phyllubothrinac. Gen. Phyllobothrin »», Evhmeihothrium, 
etc. 

Sub-Fam. 2. Phylhicanthinac. Gen. <*alliobothrhm 9 AuthulH/thrivnn, 
etc. 

5. Fam. Taeniidae. 

Sub-Fjun. I. Cystotaeninae. Gen . 'Tar nia s. str. 

Sub-Fam. 2. Anoplocephalinoe. Gen. Mimieziu , Thysanosoma , Stilma, 
Anoplocephala . 

Sub-Fam. 3. Cvstoidotaeninac. Gen. Dipylidiim, Hymenol^ds, Drep- 
amdotaenia, Dicra not (tenia, Echinocotyle, Davainea. 

Sub-Fam. 4. Mesocestoidinae. Gen. Mesocestoideu, Dithyridium. 
Sub-Fam. 5. Ichthyotaeninuc. Gen. Ichthyotaenia, Corallobothrium. 



CHAPTER IV 

MESOZOA 

DTCYEMIDAE STRUCTURE REPRODUCTION OCCURRENCE : 

OKTI IONECTID AK OCCURRENCE STRUCTURE : TKICllOl'LAX : 

MALTNELLA. 


The Mesozoa are an obscure group, the position of which in the 



animal kingdom is still doubtful. The 
name Mesozoa was given to the group by 
its discoverer, K. vail Beneden , 1 as lie 
concluded that they were intermediate 
lietween tlie Protozoa and the higher 
Invertebrates. Recent authors, however, 
have called attention to the resemblance 
existing between them and the “sporo- 
cysts ” of Trematodes, anti thougli wo 
still are ignorant of certain important 
points in their life-histories, the Mesozoa 
are most conveniently (and probably 
rightly) considered as an appendix to the 
Plntyhelminthes. 

The animals composing this group are 
minute and parasitic, and are composed 


Fir.. 45. — A. B, C, Stages in tho 
development of the vermi- 
form larva in iJicyr.ma typus 
van Ben. (After Ed. vnu 
Beneden.) cal, “ Calotte ” ; 
//c, germinal cell ; u, nucleus 
of endodurmal cull. 


of a small number of cells. They may be 
divided into two families: the Dicycmidac, 
which occur exclusively in the kidneys 
of certain Cephalopods (cuttle-fish); and 
the Qrtkonectidae , which live in the brittle- 


star Amphiura aquamata , the Nemertine Nemertes lacteus , or the 


1 Ed. van Beneden, Bull, Acad. Roy, Belgique, 1876, p. 85. , 
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Folyclad Leptoplana tremellaris. 
Mesozoa, certain anoma- 
lous forms — Trichuplams 
adhaerens and Salinella 
salve — may be referred 
. to this group. 

Dicyemidae. — If the 
kidney of El e done nws- 
chata, a Ceplialopod 
common on our south- 
western shores, be opened, 
anumherof fine } yellowisli, 
hair-like filaments may 
be seen attached at one 
end to its inner surface, 
floating in the fluid con- 
tained in the renal cavity. 

These may be IHnje - 
mcnnea eledones Wag., 
although another form, 
Dicyema m osehtt t nm 
Whit., also occurs in the 
same host. U. eledanes 
(Fig. 46) is 7 to 9 mm. 
long, transparent, and is 
composed of one large 
inner cell with a simple 
nucleus (Fig. 46, n.end), 
and of an outer layer of 
ciliated cells, nine of 
which form the “ cal- 
otte” or pole by which 
the animal -is attached. 
Within the former (en- 
dodermal) cell the for- 
rination of urn -shaped 
infusoriform embryos 


In addition to the undoubted 



Flu. 46. — Dicj/rnutvnea elednnes Wag., from the 
kidney of Jiledtnw mtMchatu. A* Full-grown 
Ithomhogen with infusoriform embryos {mb ) ; B, 
one of the latter developing ; C, fully formed ; 
D, calotte, composed of the upper nine cells 
shown in the figure. (After Kd. van Benedeu and 
Whitman.) emb % Infusoriform embryo ; y, part of 
endoderm-cell where formation of these embryos is 
rapidly proceeding ; n.ect, nucleus of ectoderm- 
cell ; n.end, nucleus of endoderm-cell ; “ calotte." 


takes place (B and C), 
the fate of which is not known, but they are possibly the males. 
The individual which produces these larvae is called a “ Rhom- 
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bogen.” Other individuals which produce a more elongated 
larva (“vermiform larva,” Fig. 45) are called “ Nematogcns 
and Whitman has described a third kind, which produce first in- 
fusoriform, and then vermiform, larvae (Secondary Nematogens). 1 

The occurrence of the known species of Picycmids (a group 
which has not been investigated on our coasts) is as follows : — 


SprcIcH. 

Dicyema typus vim Ben. 

JK clausianum van Ben. 

IK microcephalum Whit. 

D. mo8chatum Whit. 

J). macrocepluilum van Ben. . 

IK Inmcatum Whit. 

IK schulteiannm van lien. 

IKcynnennea eledones Wag. 

IK miilleri Clap. . 

IX yracile Wag. . 

Uonocyema polymorph am van U 


Host. 

Octopus rulyaris . 

0. macropus . 

. 0. de Filippi. 

. Klcdone moschata. 

. Septula rondchtii. 

f Bossia niacrosoma, Sepia 
’ ( eleyans , S. officinalis. 

. X. biscralis, Octopus rulyaris . 

[ Eledone moschata , E . aldro- 
| randi. 

. E. cirrosa . 

. Sepia offu'inalis. 

S. officinalis , Octopus rulyaris. 


Orthonectida. 2 — Two species of Orthonectids are fairly well 
known, Mhopalum g'umlii Metschn. from Amphhtm squamnta, 
and M. intoshn Mctschn. from Ncmertcs laoteus. The latter appears 
to lxj very rare, the former occurring in '1 to 5 i>er gent of the 
number of hosts examined. The parasites occur in a granular 
“ plasmodium,” the nature of which is uncertain. Metschnikoif 
regards it as formed by the Orthonectids, and lie considers that 
the cellular envelope, by which it is sometimes enclosed, is 
developed from the neighbouring tissue of the host. These* 
granular, sometimes nucleated, plasmodial masses, which can 
perforin active amoeboid movements in sea-water, occur attached 
to the ventral part of the l>ody-cavity of Amphiura, and between 
the gut-branclies and body-wall in Nemertes. Should these hosts 
be infected by great numbers of the Orthonectids, their sexual 
organs degenerate (as is the case with pond-snails attacked by 
si>orocysts 3 ), and it is possible that the remains of these organs 
may constitute the “ plasmodia ” (Braun). 

1 Whitman, Mittheil. Zool. Slat. Keapcl , Bd. iv . ; see- also Braun, in Bronn's 
Thierrcick , Bd. iv. p. 253. 

* Braun, loc. ait . p. 281 (with literature). 

9 Giard, 11 La Castration parasitaire,” Bull. Sei. d. France ct de Belgique, 3 ser. 
i. 1888, p. 12. 
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• Rhopahtm giar&ii is of distinct sexes. Either males or 
females are found in one Ampliiimt. Two kinds of females, 
flattened unsegmented, and cylindrical segmented forms, are 
known. They consist of a ciliated ectodermal layer enclosing an 
endodernial mass of eggs, l>e tween which is a fibrillar layer 
usually considered to be of a muscular nature. The cylindrical 
female gives rise to eggs which develop, probably exclusively, into 



Fr*:. -17. - Hhnpahtra 
t/inn/ii M i*t .si‘h n. 

(from the brittle-star 
A in phi lira xqva- 
mata). <J, Full - 
grown in. ‘ilc ( x 800) ; 
? P flattened form 
of female ( x 510) ; 
9.j, cylindrical 
female ( x 510). 
(After Juliu.) 



males. The flattened female produces eggs from which females alone 
arise, though the origin of the two forms of this sex is not well 
ascertained. The males contain spermatozoa which fertilise the 
eggs of the cylindrical female, whereas the ova of the flat form 
probably develop pirthenogenetically. 

Trichoplax. 1 — This anomalous animal has only been found 
in aquaria, originally in the marine aquarium at Graz by 
1 Schulze, Ahh. Akad . Berlin , 1891, p. 1. 
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Schulze. It has the appearance of a large, flattened, ciliated 
Amoeba (1*5-3 mm. in diameter), but is distinguished by its 
structure. The upper surface is composed of a flattened epithe- 
lium. The lower surface is made up of cylindrical ciliated cells, 
which pass imperceptibly into the branched cells, embedded in 
a hyaline matrix, which compose the middle layer of the body. 
No distinct organs, and beyond simple fission, no mode of repro- 
duction, have been observed. One species, T. adhacrens, is known, 
but has never been met with in a free state. 

Salinella . 1 — This is another aquarium - animal, found by 
Frenzel in the Argentine, in un artificial saline solution with 
which he filled some aquaria. It measures *2 mm. in length, 
and has a somewhat flattened, barrel-shaped appearance. A 
single layer of ciliated cells bounds a central cavity opening at 
each end Fission, and conjugation followed by encystment, 
have been observed. One form, S. salve, is known from salines 
taken from Cordova. 

1 Arch. Notary, lviii. 1891, p. 66. 
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NKMKKTINEA 

I NTHO I ) U( TORY EXTERNAL CHARACTERS ANATOMY — CLASSIFICA- 
TION DEVELOPMENT HALITS REGENERATION BREEDING 

GEOGRAPHICAL DLSTKIIUTION -- LAND, FRESH-WATER, ANI) 

J*A R ASITIC FORMS — A FFINIT1 ES 

The Nemertinea form a compact group, tin* af] ini ties of which 
have not been at present clearly determined. Several species 
were mentioned and described in the works of various naturalists 
during the latter half of the eighteenth century, though their 
anatomy was not understood until considerably later. The 1 , first 
mention of any member of tin 1 , group was made by the Rev. W. 
Borlase in his Natural Hinton/ of Comical!, published in 1758. 
He gives a short description and a rough figure of Liven* 
marinus. From that time the increase in the knowledge of the 
group was very gradual. New species were from time to time 
described, hut few of the descriptions could boast of much com- 
pleteness, and many erroneous views were held until compara- 
tively recent years. The group was very variously classified, hut 
the general arrangement in early times seems to have been to 
unite it with the 1’laimriaiis. Valuable eontrihutions to the 
history of the development were made in 1848 and the few 
subsequent years by Desor, 1 Gegenbaur, 2 Krolin, 8 and l/suckurt 
and Pagenstecher 4 ; and more reeently by Metsehnikoff 5 and 
Salensky. 6 

1 P. Boston Soc. vol. vi. 1848. 

2 Zeitschr . wise. Zool . B<1. v. 1854, p. 344. 

3 Arch. Anat. 1858, p. 289. 4 Ibid. 1858, p. 558. 

5 Mem. Ac. St. Petersh. ser. vii. tom. xiv. 1869. 

6 Zeitschr. wise. Zool. Bd. xliii. 1886, p. 481. 
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Nemertines for the most part closely resemble one another in 
all essential points, though they differ considerably in size, 
colour, and external details. They vary in length from less 
than an inch to thirty yards, this 
extreme size being attained by 
Linens marinas. 

Nemertines are common on the 
British coasts; alwut forty species 
have l>een recorded from this area. 

On turning over a stone on a sandy 
or muddy shore in a pool left by 
the receding tide, 
there may often 
be seen a coiled 
mass, having the 
appearance of a 
uniform slimy 
string twisted 
into a compli- 
cated knot. If 
it be carefully 
removed, the 
ends win gener- 
ally 1)0 made 
out, one bluntly 

living specimen in rounded and the 
the coiled condition. B i* i,ii„ 

Plymouth, x 1. a f otlier slightly 

Anterior end ; b, tapering (fig- 
posterior end. 48i „. an(U) . ()c- 

easionally there may be’ seen attached 
to the blunter end a line thread, 
which moves about freely. This 
thread may, by an instantaneous 
movement, be drawn into the body, 
no trace of its existence being left 
except at the tip of the head, 
where a small pore is visible ; this 
is the orifice through which it was 
withdrawn. Shortly afterwards the thread may be again shot 
out, the process being instantaneous and often accomplished with 



Pio. \%. -Lineus war- 
in uh Mont., from the 



Fig. 49. — L. marinv from the same 
specimen as Fig. 48, in the 
expanded condition. «, Anterior 
end ; b, posterior end. * 
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grebl force. This thread (Fig. 50, is the proboscis, a very 
important and characteristic organ in Nemertines. 

Most Nemertines are marine ; they are 
mostly indifferent to climate and to the 
jiature of tlie soil on which they live. 

A few forms live on land (e.g. Tctra- ' T f J 
stem w a. (ujrxv.ohiy Geoncmertes pulncn&i*? %! £ / 

and G. cludicuphora 8 ) or in fresh water @5 1 1 

(e.g. Tctrastemma aquarum duh ium 4 and jL t 1 
T. laciistre 5 ) in various parts of the globe. 3 

There are also parasitic forms ; the best ® ^ 1 

known of which is Malacabtlella* A L 

pelngic form, Pehyonemcrten? has been iX 

descrilied by Moseley. P 

External Characters. — A typical - 
Xcmertine possesses an elongated worm- Ff °o f°cvr!r 6 )•«'/*# Thffl'ui 
like body (Fig. 49), which is usually rrarra)frMbiluiir. l Niiiiw- 

tlirown into liunierous close coils (Kig. 1 2 3 4 * 6 7 ’ Iol 1 ^ t ’v I ' 1 

48). In section it may be either round from n spirit specimen. r.s, 

or more or less flattened, with the lateral ^proiloscis! * lw * ,il,,llth » 
edges in sonic cases quite thin and almost 

fin-like. One or two broad, flattened, and leaf-shaped ferms are 
known, but such a condition is exceptional, and the forms in 
which it occurs have probably assumed it owing to tbe adoption 
of special modes of life. 

In the ordinary forms the posterior end of the body is pointed 
either bluntly or sharply. The head is somewhat broader than 
the rest of the body, and often assumes a spatulate form. Eyes 
(Fig. 51, e) are usually present either in one or several pairs, or 
in symnietrically-aiTangeJd groups on each side of the head. The 
mouth (Fig. 58, m) is situated near the front end of the body 
on the ventral surface, and is usually rendered conspicuous by 
being surrounded by thick tumid lips. It varies in form from 
being slit-like to elliptical. At the anterior end of the body a 


1 R. von Willemoes-Suhm, Ann. Nat. Hist. rct. iv. xiii. 1874, p. 409. 

2 Sum per, Zcitschr. tciss. Zool. Bd. xiii. 1803, p. 558. 

3 L. von Grafl', Morph ol. Jahrb. Bd. v. 1879, p. 430. 

4 \V. A. Sill i man, Zr/dschr. iviss. Zool. Bd. xli. 1885, p. 48. 

fi du PlcHsis, Zool. Ans. vol. xv. 1892, p. 64. 

6 J. von Konnel, Arb. Inst, irurzburtj, Bd. iv. 1877-78, p. 305. 

7 H. N. Moseley, Ann. Nat. Hist. scr. iv. vol. xv. 1875, p. 105. 
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Fr<;. 51 . — A w pin- 
point lacfi- 
flomut Joliust., 
drawn from the 


small terminal pore occurs; this is the external 
opening of the proboscis (Fig. f> 1 , 2 } -P)- 

Nenier tines are often very diversely and 
brilliantly coloured, the hues most commonly 
found being white, yellow, green, deep purple, and 
various shades of red and pink. The ventral sur- 
face is usually paler in colour than the dorsal, 
and the latter is often marked by longitudinal and 
transverse stripes (Fig. 59) in contrasting colours. 

The whole animal is enveloped in a layer of 
mucus, which sometimes becomes hardened to 
form a tube, and this may be still further 
strengthened by an admixture of particles of 
sand or earth. 

The body is capable to a great extent of con- 
traction and extension, a Nemcrtinc many inches 
long being apt, when irritated or alarmed, to 
contract itself to the length of not more than 
half an inch. Hence, unless the animal is kept 
and carefully watched, a very erroneous idea may 
be conceived as to its size. 

Anatomy. — The body-wall consists of several 
layers (Fig. 52), which in a typical highly- 
developed ^Xemertinc are as follows: — 

1. An external epidermic layer (rp), consist- 
ing of ciliated cells, among which are placed 
numerous unicellular glands. These glands pro- 
liably secrete the mucus in which the Nemertine 
is usually enveloped ; their contents when in the 
l>ody are very highly refracting. The epidermis 
rests on a basement membrane. (b.vi). 

2. The two or three muscular layers, arranged 


living Kpcc.inicii, aa either an external circular and an internal 

from the ilorsul J . , 

(airfare. Ply- longitudinal, or an inner and an outer circular 


mouth. x 2. 
<% Eyes ; r/, gen- 
erative organs ; 


separated by a longitudinal layer, or, as ill the 
figure (e.m and l.m), two longitudinal separated 


?t.g, nerve gan- 
glion ; p.p, pro- 
boscis |»re ; p, 
proboscis. 


by a circular layer. 

3. A fairly thick connective-tissue layer often 
found between the epidermis and the muscles, into 


which latter it gradually merges 
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The Digestive System. -Thu mouth is placed oil the ventral 
surface near the anterior end of the body (Figs. 53, 58, w). 
It leads into a straight oesophagus (Fig. 53, ora), whence passes 
ott the intestine {hit), which is continued as a straight 
non -convoluted tube to the anus {a), situated terminally at 
the posterior end of the body. The intestine is thrown out 
throughout the greater part of its course into paired lateral 
j touches. 

The alimentary canal is lined throughout by a ciliated 



Flu. f»2. — Diagrammatic transverse section of a Ncmcrtinu (Seliizoncincrtca) tint nigh 
the middle region of the body, fun. Basement membrane ; r.«n, circular muscle 
luyer ; <t.b, dorsal lilood-vesscl ; cp, epidermis ; y, generative organs ; inf, intestine ; 
I A lateral blood-vessel; l. ///, longitudinal niusele layers; ?#.<% lateral nerve-cord; 
9i./, nerve plexus ; p % proboscis ; p.s, proboscis sheath ; s.t, siibcutaueons layer. 


epithelium. The oesophagus lias, in addition to this layer, an 
outer thick coat of large granular cells, which probably have a 
glandular function. 

Proboscis. — The most characteristic, organ of the Neniertincs is 
the proboscis (Figs. 50, 53, 54). For many years itH disposition 
and function were misunderstood, and it was supjjosed to he a 
portion of the digestive system. The proboscis, which lies dorsal 
to the alimentary canal, opens at the extreme anterior end of 
the body by a small pore (Figs. 5 1, 53, 58). When retracted it is 
sometimes considerably folded, and lies in a long pouch or sheath. 
To the walls of this sheath it is attached round its anterior 
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g § end ; and strong muscles unite its ^fos- 
*9 terior extremity to the sheath a short 

J distance from the posterior end of the 
I^Fr 1 / ' '■’ el g £ hitter. 

[ ■ [ -■ Y & $ The proboscis seems to t)e exclusively 

h]: *3 * a tactile and protective and defensive 

; I \ ogs 'g organ, for which functions it is emi- 

:([ ■ Si.® ncntly fitted by the great ease and 

n c J § rapidity with which it is everted or 

I ?V JE thrust out from the body. It consists 

jp 1 5 of two distinct regions (Fig. 54, y.p 

W> -d an d m.p). In the retracted state tiie 

i n t J £ anterior part is a hollow tube with 

\ .-.-y || very thick muscular walls made up of 

I A « ^ several layers. At the Imiso of this part 

I :v ^ in many of the Nemertines there is 

a 1 situateil a sharp-pointed spine project- 

| y S *1 5 ing forward into the lumen, and several 

-p smaller Rtylets situated in a pair of 

\\ fe 1 1 vesicles close to the base of the central 

Z )) spine. The position of the spines in 

S ll|p> r§ the everted proboscis is shown in Fig. 

2, 07. Tlio posterior part of the pro- 

(4 ]j |k a | g boscis is also a tulie, but instead of 

I v (( v * | * being muscular, its walls are glandular. 

^ i This posterior glandular part is never 

1 1 JJp g~g everted. 

^ (( a ^ | ^ The eversion is effected by a turn- 

J|y w fl big biside out of the anterior part of 

\ IW \ g , !| tbe proboscis (Fig. 54). The process 

J 1 \ 1 L J || whereby the proboscis is retracted has 

4 H hfe I 'S &pi been very aptly compared to the effect 
jp \ \ \| / '•§ 5 . *5 which would be produced by the inver- 

\ I if / / 6 ^ I H * on ^ ie fi »S er °*' a gl°ve, accom- 

i \ IS HI plished by pulling a string attached to 

f' \ | / ^ % | its tip on the inside, the anterior inus- 

\ I J Set cu ^ ttr P art being comparable to the 

d finger and the glandular pirt to the 
11 . string. It is thus obvious that in the 

everted condition the stylet will form the anterior tip of the 
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proboscis,. and will there be iu a position for offence or defence 
(Fig. 57, 8). 

Nervous System , 1 — The brain is composted of two ganglionic 
masses (Fig. 53, n.g) lying at the anterior end of the Ubdy, one 
on each Ride of the proboscis, and united by commissures passing 
round it (Fig. 55, d.c and ■».<;). Each ganglionic mass is often 
partially divided into a dorsal and ventral lobe (u.g.d and 
vjj.v). From the brain a pair of cords pass off backwards 
along the sides of the body (»/■) ; these cords, which have 


p.e m.p JP 



Flu. 54. — Diagrammatic representation of the proliosuis, (A) in the retracted condition, 
(B) in the everted condition, y.p t Glandular portion of the proljoscis ; w, muscle 
attaching the prolwscis to its sheath ; vi.p, muscular portion of the proboscis ; 
V'V A, proboscis jKJi-e : p.p in B reprmmls the position of the proboscis pore in 
the retracted condition of the prol>oscis ; jt.it. prolxwcis sheath. 


no ganglionic swellings, in some forms unite with one another 
above the anus. Anteriorly nerves are given off from the brain 
to the eyes and front part of the head (a.ri). A nerve to the 
proboscis is given off from the commissure which unites the two 
halves of the brain dorsal to the proboscis (d.n). 

In two out of the three groups into which the Ncmertines are 
divided, the lateral nerve-cords are in connexion with a network 
or plexus of nerves lying between the muscular layers of the body- 
wall (Fig. 52, n.J), and in some forms constituting a compara- 
tively thick layer. In these two groups there are no definite 

1 Sec Hubrecht, in Vcrh. Ak . Amsterdam, vol. xx. 1880 ; and in Quart. J. After. 

JJci. vol. xx. 1880, p. 481. 
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nerve branches except the anterior ones to the head. In* the 
third group of Nemertines the lateral nerve-cords lie within the 
muscular layers of the body-wall, and in this case paired nerve 

branches are given oft* at 
definite intervals throughout 
the whole length of the body. 
These branches divide up 
among the organs to which 
they pass, and no nerve 
plexus is present. 

The lateral cords vary in 
position in different cases. 
Sometimes they lie laterally, 
at others the cords tend to 
approximate to one another 
in the median dorsal or in 
the median ventral line, 
though in every case they 
remain distinctly sepu- 
r Lv rated. 

Sense Organs. — Sense 
organs are usually present in 

Fie. r.f». -INiwmiu to show the relations of . . „ .. , 

thi! nervous system, circulatory system, form ol eyes arranged at 
ami proboscis sheath in t ha anterior end of sides of tllO head (Fig. 

tho liody in the lioplonniwrtm, modified 
from M'lntosh. «./i, Nerves to anterior 
]wrt of body and eyes ; U.t\ dorsul coinniis- 
sure ; if.ii, median dorsal nerve ; d.x\ dorsul 
vascular trunk ; /. r, lateral vascular trunk ; 
w.r, lateral nerve-cord ; «.//.*/, dorsal lobe r pj ic 
of nerve ganglion ; ventral lobe of 

nerve ganglion ; ji.p, proboscis pore ; p.s. Varies from a simple pigment 
proboscis sheath ; r.c, ventral commissure ; . f nrirmi which rc- 

r.s, vascular ring or collar. 8 1 )0T; 10 <lU or W 111 Wlll( 11 U 

ceives a special nerve-supply 
from the brain, and possesses a refracting body answering to a 
lens, and behind this a pigment layer and a layer of rods. Some 
forms are devoid of all traces of eyes. 

A pair of simple auditory capsules has l>een found in some of 
the Ifnplunrmertea, where they occur as small vesicles on the 
brain. 

The whole surfiir-e of the body appears to be remarkably 
sensitive. In a few forms small tufts of tactile hairs are said 
to be present in the region of the head, while in others there 



51 , e) } sometimes sis a single 
pair and sometimes in one 
or more groups on each side, 
structure of the eyes 
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are* a few long liairs scattered sparsely among the cilia of the 
epidermis. 

Fronted Organ. — In many Nemer tines there is present at the 
anterior tip of the head a disc-shaped group of cells hearing long 
hairs or bristles. On this disc open the secreting ducts of a 
number of gland cells lying in the head. It seems possible that 
this frontal organ may function us an organ of taste. . 

tiidc Organs. — In the Carinellidae there is a pair of circular 
epithelial patches lying one on each side of the body in the 
region of the excretory pore. The cells composing them are 
richly ciliated and provided with a plentiful nerve-supply. The 
function of these epithelial patches is not known, but it has been 
suggested that they may be auditory organs. 

Cephalic tilils and Cerebral Organs. — In most Nemertiues 
there is a peculiar pair of organs (Figs. 50, 5:», /vs), situated in 
the head and in close connexion with the brain. The function 
of these organs is not known. Huhrecht has suggested that they 
may l>e respiratory, while Burger 1 conjectures that they may be* 
organs which are used for discriminating the condition of tin? 
surrounding medium. In an external examination of the 
head, the cephalic slits may usually he seen as a pair of lateral 
furrows or pits. Their form and direction vary considerably; 
they may take the form of shallow circular depressions, or they 
may lie longitudinally and be slit-like in shape (Fig. 50), or 
the slit may lie at right angles to the long axis of the body and 
he bc-sel with short transverse furrows. In some forms these, 
slits are merely superficial depressions, but in others they are 
continued into ciliated ducts, which pass inwards and penetrate 
into special lobes, consisting of glandular tissue and ganglion 
cells, in close connexion with the brain. These lobes an? called 
the cerebral organa 

In many forms the nervous system is charged with haemo- 
globin, which gives to it a bright red colour. 

Circulatory or Blood-Vascular System. — The circulatory 
system consists of three main longitudinal vessels, a median 
dorsal and a pair of lateral ones. These are connected together 
posteriorly by a transverse trunk, and also throughout the whole 
length of their course by branches, which are given off at. 
regular intervals. Anteriorly the three longitudinal vessels 
1 “Nemertinen," Fauna und Flora O. von Ncapcl , 22 Mouogr. 1895. 
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either all unite and form a collar (Fig. 55, v.s) round 'the 
oesophagus, or they break up into a numlier of lacunar or open 
spaces in free communication with one another. 

The blood is usually colourless, but in some eases the cor- 
puscles are coloured red by haemoglobin. 

Excretory System. — Max Schultzc 1 founll in Tetrademma 
obsn/rum, on the outer side of, but near to the lateral blood-vessels. 



Flu. 56. — Excretory Hystcin of Neinertincs. A, Drepanophnrua fi/x'dabditt Qtrf., part 
of one of the lateral vessels encircled 1>y branches of the excretory orpin, x 585 ; 
r, main canal of the excretory system : B, I). cnumna Qtrf., a terminal brunch of 
tin ixcretory system, x 585 ; /, ciliated flame: C, Mu/ncMrJla t/riwm 0. F. Miill., 
*e Animal, slightly magnified, allowing the excretory system (black) and the vius- 
cnla system ; e.ct, excretory aperture ; t?.v, dorsal vessel ; l.r, lateral vessel. (From 
Biirger.) 


a pair of canals. He observed ciliary movements in the canals, 
but could not discover flame cells. Further contributions to our 
knowledge of the excretory system were made by Semper, 2 von 
.Kennel, 8 Hubrecht, 4 and Oudemans. 5 The latter Btates that the 
excretory system consists of a pair of canuls situated laterally near 
the anterior end of the body. Each canal communicates with 
the exterior by one or more ducts having Literal regularly- 
arranged apertures. - In some cases lie was unable to make out 
any CQinmunication with the vascular system, but in othera 

1 Bcilrayt zur NaturgcschichU dcr Turbellarien , Griefswald, 1851. 

'* Arb. Inti. W'Unbury, Bd. iii. 1876, p. 116. 

3 Ibid. Bd. iv. 1877, p. *305. 4 Zool. Jnz. vol. viii. 1885, p. 51. 

3 Quart. J. Micr. Set. vol. xxv. 1885, suppl. p. 1. 
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a direct communication, by means of open connexions with the 
lacunar blood spaces, is said to occur. 

Silliman 1 * in Tetrastemma aquarium duleium describes the 
excretory vessels as ending in numerous capillar}' branches, at 
the blind terminations of which cilia are present. He states that 
there is no important difference between the excretory systems 
of Ithabdocoeles and Nemertines. 

Burger,* as the result of recent investigations on the excre- 
tory system in Nemertines, finds that the minute brunches end 
in flame-cclls (Fig. 56, B) lying on und among the blood-vessels, 
but having no open connexion with them. 

Generative System. — The Nemertines arc for the most part 
dioecious, only a few certainly hermaphrodite species having been 
described, e.g. Tetrastemma (" Borlasia ”) keferstcinii Mar. 3 

The generative products in both cases are contained in sacs 
(Figs. 52, 53, <f) which lie in the lateral region of the body 
lietween the pouches of the alimentary cuuul. Thu ova und 
spermatozoa are conveyed to the exterior by short ducts. Most 
species are oviparous, though a few viviparous species are known 
(e.g. Prosorhochvws claparedii). 

Classification. — Nemertines were divided by M. Schultze 4 
into : — 

1. Enopla, in which the proboscis is armed with stylets. 

2. Anopla, in which the proboscis is unarmed. 

Although this classification was fairly correct as far as it 
went, since many other distinctive features were correlated with 
the presence or ul>sencu of armature in the proboscis, still there 
are several primitive forms belonging to the Anopla, wltich 
possess characters such us render it necessary to class them 
together in a separate group. 

For this reason Hubrecht divided the Nemcrtinea into three 
Orders — Hoplonemcrtea, Sehizonemericu, Bidaeonemertea ; the 
first of these Order's corresponding with the Enopla, and the 
other two with the Anopla. 

1 Zeitsehr. win. Zool. Bd. xli. 1885, p. 48. 

* Ibid. Bd. liii. 1802, p. 822, and Fauna und Flora O. von Keaptl, 22 
Monogr. 1895. 

1 Ann. Sei. Nat. (5) vol. xvii. 1878. 

4 Zeittchr. win. Zool. Bd. iv. 1858, p. 178. 
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Order I. Hoplonemertea. 


The proboscis is armed. The epidermis rests on a thick layer 
of connective tissue plentifully supplied with glands, below which 



is a prominent basement membrane. 
The muscular layers of the body are 
two in number, an outer circular and 
an inner longitudinal. The nerve- 
trunks lie within the muscular layers 
of the body and give off regularly- 
arranged branches. There is no 
nerve plexus. Each of the cephalic 
slits generally opens by a pore situated 
in the centre of ft transverse groove, 
which is beset along one side by a row 
of shorter grooves at right angles to it. 


Fig. 57. -Anterior end of the The apparatus consists of a ciliated 
imS. <lut,t surrounded by nerve tissue, and 

. lion «»r the proboscis ; u , lateral passing into lolx‘8 of tissue which are 

muscular portion of the pro- connected with the brain by thick 


lmscis ; a, stylet ; #r.A, granular 
basal portion of stylet. 


nerve-cords. The mouth opens rather 
far forward in front of the brain. 


The intestinal pouches arc symmetrically arranged. Auditory 
organs are said to exist in some forms, consisting of vesicles 
containing otoliths. The vascular trunks are connected an- 
teriorly by closed vessels and not by lacunar spaces. 

The principal British genera and species 1 are : — 


Amphiporux hioculatus A. dtmmuhtnx Riche?, A. hint atm 

A. lactiffumis M‘lnt-., A. pulclier Johnst. 

Dnpanophorux rubroxtriatux Hubr. ( = A. xpectdlnUx Qtrf.). 

Tetraxtmma ambiyuum Riches, T. candid um 0. F. Mull., T. dormh Ahildg., 
T.Jlacidum Ehrimb., T. immutahilc Riches, T. mriamcqduilum Johnst., T. 
nigrum Riches, T. rofortiamc M'lnt., T. rermicvlatum Qtrf. 

Proxorhoclmnx dajmmlii Keferstcin. 

Nmnrtex cnrciiwphila K<">11., X. gracilix Julinst., N. neesrii Oerst. 
Mulacubddln tjrosxa 0. F. Miill. 


1 Our knowledge of liritish sjtccies is mainly due to M'lutosh ( British Annelids , 
Ray Society, 4to, 1873) and Riches (Journ. Mar. liiol. Ass. vol. iii. 1893-1805, p. 1. 
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Order II. Schizonemertea. 


The proboscis is unarmed. The epidermis 
the layer of connective tissue by a thin base- 
ment membrane, hence the glands in the 
connective 1 , tissue are more deeply situated 
and have long ducts. The muscular layers 
are three in number, an outer and an inner 
longitudinal layer ljetween which lies a layer 
of circular muscles. The lateral nerve-cords 
lie between the outer longitudinal und the 
circular muscle layers. They are connected 
throughout the body by a nerve plexus, the. 
only definite nerve branches given off lieing 
those to the brain, oesophagus, and proboscis. 
The cephalic slits are a pair of deep longi- 
tudinal grooves at the sides of the head. 
From each groove a canal passes inwards 
into a posterior brain - lobe. The mouth 
opens behind the. brain, and is an elongated slit 
bounded by corrugated lips. Auditory organs 
have not Ixjen observed. The longitudinal 
vascular trunks arc 1 , connected anteriorly by 
lacunar spaces, and not by closed vessels. 

1’rincipal British genera and species : — 


is separated from 


i.'i 



Fics. r.S.— rail of 

Cn't'hrntuhin umryi 11 - 
at ns Ren., from the 
ventral surface. 
Drawn from a spirit 
specimen. Naples, 
x 1 . r.x, Cephalic 
slit ; m y mouth ; p.p, 
proboscis pore. 


Li unis hiliucatus Hen., L. lartms Mont., L. martinis Mont. (=7,. hnyis- 
simus Ounnerus), L. yrsseretm* O. F. Mull. ( = /,. abac unis Dcsor and 7,. 
mwjuiimus M c Int.). 

Jin r Iasi a rlizahrthat: M‘Int. 

Cercbratulus anyulatus O. F. Mull., C. fusrus M‘Tnt, C. junitkcrinus Iluhr. 
Mirrnra auravtiaca Grube, M. Candida hiirgcr, M.fascinlata Ehrunb., M. 
jntrjmrea J. Miill. 

Alecktlia as u leaf a M‘Int. 


Order III Palaeonemertea. 

The proboscis is unarmed. The epidermis and connective 
tissue form one layer, below which is the basement membrane. 
The muscular layers are three in number, two circular separated 
by a longitudinal layer. The nerve-cords lie altogether external 
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to tlie muscular layers, and are connected together throughout by 

a plexus. No nerve branches are 
given off. The brain is not divided 
into lobes. The cephalic slits are 
only represented by a shallow depres- 
sion on each side of the head, and 
no canals have been observed leading 
from them. The intestine is straight, 
and the pouches are usually absent 
or rudimentary. The circulatory sys- 
tem is largely made up of lacunar 

F “wS^ 8 P a «? 8 > fchc cWl s y 8tem ^mg but 

Hpeciinen, slightly contracted, little dcvcloi kkI. 

Principal British genera and 



Plymouth. CoiiKiderably mag- 
nified. </, Anterior end ; h t 
posterior end. 


species : — 


Carinetta annulata Mont., C. lineari# (Mont., MS.) M c Int., C. marintoM 
Burger (Fig. 59), C. polymorpha Hen. 

(fcphalothrix bine ulnta Ocrst., 0. linetm'n Ilatliko. 

VaUncinia lineformis M‘lut. 


A most important monograph by Biirger 1 on Nemortines has 
just been published, but unfortunately it appeared too late to 
be adequately considered here. He gives an elaborate account, 
illustrated by admirable figures, of the present state of our know- 
ledge of this group, and his work will be indis^jensahle to future 
students of the subject. The older systems of classification are 
criticised, and the following scheme is adopted in their place : — 
Order I. Protonemkrtini ( = part of the Palaeonemertea, 
c.g. Carinella ;). — The brain and lateral nerve-cords lie outside the 
muscle layers in the epithelium or l>elow the basement membrane. 
The liody- wall consists of the following layers: epidermis, base- 
ment membrane, circular muscles, and longitudinal muscles. The 
mouth lies behind the brain. The proboscis is unarmed. 

Order II. Meronemektini ( = part of the Palaeonemertea, 
e.g. Cepludothrix ). — The characters of 'this Order are similar to 
those of the Protonemertini except that the brain and lateral 
nerve-cords lie in the muscle layers. 

Order III. Metanemertini ( = Hoplonemertea). — The brain 
and lateral nerve -cords lie in the parenchyma of the body 
internal to the muscle layers. The layers of the body-wall are 


1 Fauna und Flora G. von Keapel , 22 Monogr. 1895. 
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similar to those of the Frotouemertini. The mouth lies in front 
of the brain. The proboscis is armed. At the junction of the 
fore- and mid-gut a diverticulum is given off which projects for- 
wards beneath the fore-gut and ends blindly in front. 

Order IV. I Ikteuon kmkktix l ( = Schizonemertea, and the 
genera Eulalia and Valentin iff, placed provisionally by Unbred it 
in the Falaeonemerteu). — The body-wall consists of the following 
layers : epidermis, thick cutis, and an outer and an inner longi- 
tudinal muscle layer separated from one another by a circular 
muscle layer. The brain and lateral nerve-cords lie between the 
outer longitudinal and the circular muscle layers. The mouth 
lies behind the brain. The proboscis is unarmed. 

Development of the Nemertinea. — The development of the 
Fain cone mcrtcu is at present not known : in tin? Schizoncmcrtea 
a larval stage occurs; while in the ] roplonemcrtea the egg 
develops directly without undergoing any metamorphosis. 

There are two forms of larva characteristic of the Schizo- 


nenicrtca, known respec- 
tively as rilidium and 
the Type of JVsor. The 
rilidium is hatched 
early and leads a free- 
swimming existence, 
whereas the Type of 
Desor, though in many 
respects resembling it, 
never passes through the 
free-swimming phase. 

The rilidium (Fig. 
GO) is a helmet-shaped 
larva Injuring a tuft or 
spike dorsally, and pro- 
longed downwards later- 
ally into a pail* of lobes. 
The whole larva is 
covered with cilia, there 



Fio. GO. — Diagram of a Pilitlium larvii. (After 
Kuleiisky.) c, Tuft «»f cilia ; //*, iiiiiselc-lilnvs ; 
wo, month, seen through 0110 of the lateral lobes ; 
77 1 nerve - fibres ; n.r, nerve ■ ring ; n.y, nerve 
ganglion ; ues, oesophagus ; at, stomaeli. 


being a specially strong 

band round its ventral surface. The dorsal spike is composed 


of a bunch of strongly developed cilia or of a long flagellum. 
The alimentary canal consists of a sac constricted into oesopha- 
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goal and gastric regions (Fig. CO, 6es and at). In this condition 
the larva swims about freely in the water. The helmet-shaped 
Pilidium-skin forms no part of the future Nemertine, the skin 
of which is developed os ingrowths from it; these meet one 
another and unite to form a complete covering round the 
alimentary canul; the larval skin is then cast off, and by a 
series of gradual steps the embryo develops into the adult. 

Habits. — Ncmcrtines are often found under stones between 
high- and low-water marks, lying on sandy or muddy bottoms. 
They are usually in the form of coiled masses, and are generally 
in a state of quiescence. Hence it is probable that their period 
of activity is during high-water, and that when left by the 
receding tide they subside into a resting condition. 

The large kinds, such as Lincua mar-inn a, seem to be always 
found living alone, but some of the smaller kinds, notably Tetra- 
stemma rfursttlc and Prosorhoclimus claparedii , have gregarious 
habits and live in masses, the coils of the different individuals 
being inextricably mixed. 

Some species, such as Micrura purpurea, Amphiporvx pulrltcr, 
and Cerebratulus angvlatux , frequent empty bivalve shells, while 
Nemertines are often found in empty limpet shells adhering to 
rocks in tidal pools. Other smaller forms resort to no such definite 
protection, but live among seaweeds ; some of these remain naked, 
while others secrete for themselves tubes of a membranous or gela- 
tinous consistency. Bnrlasia clizabethnc lives in a burrow of clay. 

Nemertines are commonly dredged from a depth of six or 
eight fathoms. They may sometimes be found floating on the 
surface of the water, and some possess the power of swimming 
rapidly, propelling themselves by a lateral motion of the tail, 
the sides of which arc in such cases prolonged into a thin fin- 
like edge. This mode of progression is usually adopted by those 
which frequent deep water. A pelagic Nemertine (. Pehtgom - 
mertes) was discovered by Moseley near the southern verge of the 
South Australian current, being found in a trawl with deep-sea 
forms from a depth of 1800 fathoms. This animal was leaf-like 
in shape, bluntly pointed }>ehind and rather square in front. 

The power possessed by Nemertines of secreting mucus is 
very great, their course being often traceable by the tracks which 
they leave behind them. Many of them glide along with great 
rapidity, a mode of' progression which is probably due to the 
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cilia covering the whole outer skin, and to the extreme contrac- 
tility of the muscles of the body-wall. In some locomotion is 
effected by the proboscis ; this is protruded and attaches itself 
by means of its spines to some foreign body, after which the 
body is drawn up after it. This has been specially observed in 
a land form, Tctra&Umnia at/ricola, discovered by Willemoes-Suhm 

in the Bermudas. On solid bodies the movement is a kind of 
« 

crawling action, the head and mouth acting as suckers in much 
the same way as in many Leeches. 

Most Nemer tines can Ini very readily kept in confinement. 
The chief apparent effect of such a life is a loss of colour, the 
animal gradually becoming pallid in hue. Owing also to the 
absence of proper food they diminish very much in size, though 
even when all food is kept away an animal will sometimes 
continue to live as long as eighteen months. 

Food. — Nemertinos are carnivorous in their habits and arc 
very voracious, devouring any prey which comes in their way, 
whether it be living or dead. No animal food seems to come 
amiss to them, and they will devour creatures of considerable 
size. When in contact with its prey, the Xeniertine dilates its 
mouth to a large extent, and the anterior end of the oesophagus is 
thrust out and engulfs the animal. Chaetopods form a favourite 
food material, the whole animal lieing swallowed unite regardless 
of the hard ehitinous bristles and spines with which it is beset. 
The soft parts are gradually digested, the bristles and other 
indigestible portions being extruded by the anus. The larger 
spines often pass out by perforating passages through the wall of 
the intestine and through the body-wall. The aperture thus 
formed appears speedily to heal alter the foreign body has been 
-extruded. 

The carnivorous habits of Xemertines even extend to canni- 
balism, and when kept in confinement they frequently devour ones 
another. For this reason it is unsafe to keep large and small 
kinds together, as the small ones speedily disappear, lieing used as 
food material by the large. If one be. divided into several pieces, 
the pieces are very rapidly demolished by other individuals. 

Regeneration . 1 — This power is, no doubt, of great service to 
these animals, since injury, or even violent local irritation, often 
causes complete rupture at the point affected. It seems that the 
1 See M'Intosh, British Annelids , Ray Society, 4to, 1873. 
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chief power of regeneration is situated in the head, as, if a very 
short piece he .broken off the anterior end of the body, it very 
rapidly reproduces itself into a new individual. The hind 
end of the original body often lives for a considerable time, 
but it iloes not in most caws appear to possess the power of 
reproducing a head, and after existing fin* a time it dies. For a 
while, however, it so far' retains its vital powers that the gener- 
ative products continue to grow, and actually attain to perfection. 
Severe wounds also heal very quickly and completely, and all 
local injuries are speedily repaired. 

Owing to the force with which it is shot out, the proboscis is 
often completely severed from the body, and in such a case the 
animal grows a now one in an extremely short space of time. 
The proboscis thus broken off retains its power of movement 
and contractility for a considerable time., and lias been more than 
once mistaken for a worm. This great vital power is probably 
duo to the great development of nervous tissue, the proboscis 
being usually richly supplied with nerve plexuses. 

One large form, Line us sang ui mux, seems to possess great 
recuperative powers. It shows a marked tendency to break up 
into pieces, when not only the head end, but also .the other 
portions develop into perfect animals, each one growing a 
head anti all the organs belonging to it. Thus in this case an 
animal may multiply by a simple process of transverse fission, 
and form numerous complete individuals. 

Breeding 1 . — The. breeding season only appears to cense in 
the extreme of winter. Different genera and species seem to 
mature their generative products at different times. 

In the armed Nemertines the eggs are deposited separately, 
and are not connected together except by such accidental mucus 
as the animal deposits normally ; but in the unarmed a special 
mucous secretion forms a thick investment for the eggs. 

M f lntosh l has observed the process of the deposition of the? 
male and female products in Xcmcrtrs gracilis . He put into a 
glass vessel a male, and female of this species in which the 
products were apparently ripe. Soon spermatozoa began to issue 
in wreath-like jets from the body of the male, at first from the 
middle region of the. body, and afterwards anteriorly and pos- 
teriorly, until the animal was enveloped in a dense cloud of sperma- 

1 Zf>C. tit. 
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tozuu. The whole process only Listed a few minutes. When all 
the spermatozoa had apj)iirently been given out, tlie female was 
seen to protrude her head from the wind ; she then passed to 
the side of the vessel and deposited a group of eggs about three 
inches distant from the spermatozoa. 

With only a few exceptions Ncmertincs are oviparous. Prosor- 
hoclunvs vlaparrdii , Tetrasfevwia ohscitnnn, and Monopom virijmra 
have been observed to contain embryos at certain times of the 
year. In other forms the eggs aw laid when ripe, and develop- 
ment takes place subsequently to their deposition. 

Geographical Distribution. — Nemer tines have been found in 
all seas from the arctic to the equatorial regions. Many forms 
are found in the British Isles both between tide-marks and also 
at greater depths around our coasts. Some genera seem to 
lui confined to warm climates and others to cold ; while others 
appear to be indifferent to climate, and to subsist equally well 
under very various degrees of temperature. So far as is known, 
the land forms are all indigenous to warm countries. 

Land Forms. — Lmd forms, which occur on or in moist earth 
under stones or decaying vegetable matter, have been discovered 
and described by Semper, 1 Willcmocs-Suhm, 1 and von draff. 1 

The species found by Semper, and called by him Oeonr.wertrs 
palanisis, lives under dump leaves and the roots of trees on 
Pelow Island in the North Pacific. It is about. 2 inches long, 
of a reddish-white colour, with narrow, brownish-black, longi- 
tudinal stripes on its dorsal surface. It possesses six eyes and 
very small cephalic slits and cerebral organs. The proboscis is 
armed, and opens by tho mouth instead of by a special pore. 

The same peculiarity as to the opening of the proboscis is 
found in (lumcmcrUs chalicophora, discovered by von Grail* in pots 
of Covypha australis in the palm-house at Frankfurt-on-Main. Ho 
found specimens on and beneath the surface of the earth. As it was 
only found in pots in which this Australian plant was growing, von 
Gruff thought it almost certain that it was a native of Australia. 
Those found below the surface of the earth were surrounded by a 
transparent tube in which particles of earth were embedded. The 
animal is small, only about two-fifths of an inch in length. The 
colour is milk-white, with a small quantity of red pigment ante- 
riorly : there are four eyes, and the cephalic slits are absent. 

1 References to these works arc given on p. 101. 
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The species which was discovered l>y Willemoes-Suhm, and. 
named by him Tetrastemma agricola , lives under stones in damp 
earth in the Bermudas. It differs from the other two in that 
the proboscis opens by a special terminal aperture. It measures 
nearly an inch and a half in length, and, like G. chalicophora , is 
milk-white in colour. It resembles it also in possessing four 
eyes, and in the absence of cerebral organs and cephalic slits. 

Fresh-water Forms. — In most cases the descriptions of 
fresh-water forms are so vague and incomplete that it is difficult 
to determine wlipthcr or not they are different species. 

They are probably more numerous than is at present known, 
and are certainly scattered widely over the face of the earth, since 
they have been found in Nicaragua, at Tashkend in Turkestan, 
and at Philadelphia and Monroe in the United States. 

A form of which we have, a full description is Tetrastemma 
aquarum dulcium , found by Silliman 1 at Monroe, under stones 
in brooks in company with L’lanuriuns. It is a small worm of a 
red or pink colour, ubout half an inch in length, and it possesses 
usually three pairs of eyes. The proboscis is armed, and opens 
by a separate aperture. The excretory system consists of a 
vessel on each side of the body, each opening externally by a 
pore, and internally dividing into numerous branches which end 
in ciliated expansions. An individual of the same species was 
found by Beddard in one of the tanks in the Botanical Gardens in 
Regent's Park, but as the tank is one in which tropical plants are 
grown, it had almost certainly been introduced among the roots 
of the plants, and cannot be considered as a British species. 

A fresh-water Nemertine belonging to the genus Tetrastemma 
was, however, found by Benham 2 on the roots of some water 
plants in the Cherwell at Oxford. The specimen was of a bright 
orange colour and measured half an inch in length. 

Du Plessis 3 found another fresh-water form on the lower, 
surface of stones in shallow pools on the shores of the Dike 
of Geneva, and named it Tetrastemma lacustrc . It is a small 
animal, the largest specimens being rather over an inch in length. 

Another European genus was found in 1893 by F. E. Schulze 
in Berlin. It has been fully described by T. H. Montgomery, 4 who' 
lias given it the name of Stichostemma cilhardii. \ 

1 Zeitachr. wisa. Zool. Bd. xli. 1885, p. 48. 3 Nature , vol. xlvi. 1892, p. 611. 

3 Zool . Anz. vol. xv. 1892, p. 64. 4 Zeitachr . wisa. Zool. Bd. lix. 1895, p. 83. 
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Parasitic Forms. — The genus Malar obdella was found by 
von Kennel 1 in large, numbers living on Cyprina islandica, 
a Lumellibrnnch Mollusc, in the harbour at Kiel; and it 
hfis also been described by ltiches 8 as a British form. It 
is attached to its host by means of a large round sucker 
situated at the posterior end of the ventral surface, while 
the rest of the body waves about freely in the mantle-cavity. 
It is perhaps hardly correct to descri)>e this animal as para- 
sitic, since it does not appear to obtain its nutriment 
fit the expense of the host by preying on its juices. The 
advantage of its position is, however, 
obvious, since a perpetual current of 
water is kept up in the? mantle -cavity 
of the Mollusc, and from the stream the 
Nemertine is able to pick out and take 
for itself any food material which it 
considers suitable. At the same time 
it is not subjected to the influence of the „ , r . 

winds find waves, as the shell of the a F. Mull., a lnvge ftniuilo 
mollusc nets ns >t barrier to prevent the A,' 

entrance of disturbing elements. From the <lomil «urfuee ; B, 

MaJarobdcHa is short and broad, some- from Hw ventral auifucu. 

what flattened dorso- vent rally. The anterior end is bluntly 
rounded. The mouth opens into a wide pharynx, which is con- 
stricted behind and then passes into the intestine ; this after a 
lew coils opens by the anus situated dorsally immediately above 
the sucker. The proboscis opens into the pharynx. 

Palaeontology. — Nemertines arc unknown in a fossil state ; 
this is probably owing to the softness of their bodies, which would 
render their preservation extremely improbable. 

Affinities. — Until recently the Nemertines were regarded as 
a sub-order of the Turbellaria. They were afterwards separated 
from the Turbellaria and placed as a distinct class of the phylum 
riatyhclminthes. 

Some zoologists have considered them to be so different in 
many respects from the other classes of the Platyhelminthes as to 
justify their being altogether separated from that phylum, and 
treated as a distinct group. 


1 Arh . Inst. TFftrzburg, B«l. iv. 1877-1878, p. 305. 
3 Jutim . J far. Biol. Ass. vol. iii. 1803-1895, p. 22. 
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If, however, the recent work of Burger on the excretory system 
is to be relied upon, the existence of llame cells would be u strong 
reason for clussing them among the l’latyhelminthcs. 

llubreclit 1 has instituted an interesting comparison between 
Nemertines and Vertebrates. He compares the median dorsal 
nerve of Nemertines to the spinal cord of Vertebrates ; the lateral 
nerve-cords to the nerve of the Vertebrate lateral line ; and the 
lateral swellings which constitute the brain in Nemertines to the 
Literal ganglia of the cephalic region in Vertebrates. This view is 
strengthened by the existence of transverse nerves connecting the 
lateral and dorsal nerves of Nemertines, since these may be com- 
pared with the spinal nerves of Vertebrates. He suggests that both 
Nemertines and Vertebrates may have arisen from a vermiform 
animal possessing a nervous layer in the form of a plexus of nerve- 
fibres, the nerve tissue having become concentrated along three 
lines to form a median dorsal and two lateral nerve trunks ; the 
former being specially developed in the Vertebrata and the latter 
in the Nemertines. llubreclit further suggests that the noto- 
chord of Vertebrates may he a survival of the proboscis sheath of 
Nemertines, while the proboscis of the latter may l>e represented 
by the invagination to form the pituitary body in Vertebrates. 

Certain authors 2 have suggested that indications exist of a 
relationship between Nemertines and Jialttiunjltmaa. 

The features which are supposed to indicate this are the 
elongated vermiform shape* showing no external signs of segmenta- 
tion; the ciliated smooth skin and the possession of unicellular 
mucous glands; and the prolrusihlc proboscis, which may be 
comparable to the non -retractile proboscis of Balmwghmns , a 
comparison which is strengthened by the fact that in some 
Nemertines a sheath of nerve-fibres exists in the wall of the 
proboscis corresponding to the nerve plexus in the proboscis of 
Btflfirtofflossus. In both cases an ectodermic nerve plexus exists 
with local thickenings along definite lines, although these lines 
are not the same in the two cases. Both possess a straight 
alimentary canal, ending in a terminal anus and thrown out into 
paired Literal caeca, between which are the paired metamerically- 
arranged generative sacs. . 

\ 

1 Quart. J. After. Sri. vol. xxiii. 1883, p. 349; Ihul. vol. xxvii. 1887, p. 605. 

2 Cf. Willey, Amphioxus and the Ancestry of the Vertebrates , Macmillan, 1894. 
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' NKMATHELMIXTIIKS 

INTKOMTCTION — XEMATODA — ANATOMY — EMBRYOLOGY — CLASSIFI- 
CATION' ABC Alii DAE STUONGYLIDAE TIIlCllOTHAl.TIELIDAE 

— FILAKIJDAK — MEKMITH1DAE — AXGUILLULl DAE — EXOPL1DAE 
PARASITISM NEMATOMORPIIA ANATOMY CLASSIFI- 
CATION — LIFE-lIISTORY — AOANTIIOCEl’lIALA — ANATOMY — 
EMBRYOLOGY GLASSIFICATION. 

The Nemuthelminthes include three sub-Orders of very different 
size, ami importance. These are — 

i. The Nematoda. 

ii. The Xemutumorplui ((iordiidae). 

iii. The AcnnthoccplmliL 

Although the members of these groups differ considerably from 
one another, on the whole there is a closer resemblance between 
them than between any one of them and any other group of 
animals, and there is a certain convenience in arranging them 
under one head. 

The following characteristics are common to all three group 
of the Xcmathelminthes : they arc worm-like in form, and with 
few exceptions are parasitic in the bodies of other animals, either 
Vertebrate or Invertebrate. Some of them spend their whole 
existence within the bodies of their hosts, hut more commonly 
they are only parasitic during a certain period of their life ; a 
few, however, lead a free life in water or in dam]) earth. None 
of the Xemathelminthes are segmented — that is, their .bodies are 
not divided into a number of parts which serially repeat each 
other, and which resemble more or less closely the preceding and 
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succeeding parts. They are not provided with any appendages 
or limbs, but sometimes bear a few bristles or hooks, and in rarer 
cases suckers. The body, which is elongated and, us a rule, 
thread-like and tapering at each end, is enclosed in a thick 
cuticle or hardened secretion of the underlying cells. In no 
Nemuthelmiuth is there any closed vascular system, nor are 
special respiratory organs developed. 

In many respects the most remarkable peculiarity of these 
animals is that, with the possible exception of the excretory 
organs of the Acunthoccphulu, there is a complete, absence of cilia 
throughout the whole group. In this respect they resemble the 
Arthropoda. The universal presence of these small dickering 
processes of cells from man down to the simplest unicellular 
organisms makes the absence 1 , of these structures most remarkable. 
In many animals they are the sole organs of locomotion, and in 
almost all they ] Kir form very important functions, both in bring- 
ing food and oxygen to the body, and in removing waste matter 
from it. At present there seems to lie no adequate explanation 
for their absence in the two large groups mentioned above. 

Nemathelminthes are, with hardly an. exception, dioecious — 
that is to say, their male and female reproductive organs are. in 
different individuals. Their young do not differ markedly from 
the adults, except in the absence, of sexual organs, but the im- 
mature stages are usually termed larvae 1 , and not infrequently 
either inhabit a different host from the adult, or are free when 
the adults are parasitic, or rice versd. 

Sub-Order I. Nematoda. 

Anatomy. — The Nematode worms, or thread-worms, form by 
far the largest and most important division of the group Nemu- 
theliuiulhes. The number of species is great, and although the 
conditions under which thev live are of the most varied kind, 
there is, as a rule, little corresponding difference in structure, 
and hence the determination of the species is attended with no 
small difficulty. 

With few exceptions the sliajie of the body is filiform (.Figs. 
06 and 71 ), the two cuds being more or less pointed, and the 
posterior end of the male, which is generally a smaller animal than 
the female, is usually slightly recurved. The worms are, as a rule. 
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white, or of the colour of polished ivory ; they may be npique or 
semi-transparent, but pigment spots are rarely developed. 

Minute Xematodes abound in moist soil, around the roots of 
plants, etc., and may easily be detected with the aid of a lens 
wriggling about amongst the particles of sand and earth. Of 
the animal parasites perhaps the most familiar is the "round 
worm” (Ascaris lumhriaudes, Figs. GG and G7), which inhabits 
'the alimentary canal of man; others are common in domes- 
ticated animals, as A . mystac. in the cat anti dog, and A. 
wcijalnrt'phula in the horse anti ox. They are also found living 
parasitically in plants (Fig. 77), causing the formation of galls 
and other pathological growths; AnyuUlula ( Tylrnchus ) tritici 
causes in this way considerable, damage to corn, and others 
attack root-crops, cabbages, etc. The. “vinegar eel” (Attyui/lula 
mr//), which occurs so often in weak vinegar, is another familiar 
example of this group. 

The Skin. — The body of the worm is encased in a relatively 
thick, transparent, smooth cuticle, which is turned in at the various 
apertures, and lines the tubes connected with them lor a greater or 
less distance. The cuticle is in some cases raised to form spikes or 
hooks, and in certain s|M!cies, c.y. Ascaris wysta.c ami A. trunsfuyu, 
it is produced into two lateral tins, which are supported by a 
thickened tri radiate rod of specialised cuticle (Fig. G2); these 
fins, however, do not run far down the body. As a rule the 
cuticle is quite smooth, hut it may be ringed, as in Fihtrw 
lalicaudafa. ami in i\ dnxtic.idata ; and the rings may bear buck- 
wardly-j >r< > jecting teeth. 

Tim skin of Xematodes consists of three layers — (i.) the 
above-mentioned cuticle , which is presumably secreted by (ii.) the 
sub-cuticle or epidermis which underlies it; the latter surrounds 
in its turn (iii.) the muscular layer. 

The nature of the sub-cuticle is one of the debateable points in 
the morphology of the Xcmatoda. No cell outlines have been 
detected in it, although nuclei are scattered through it; it is in fact 
a syncytium , or protoplasmic mass in which cell limits cannot be 
distinguished. Many of the cells forming it have broken down 
into fibrils, and these form a close meshwork, which is occa- 
sionally specialised, as, for instance, round the nerve - cords. 
Along the median dorsal and ventral lines, and along the lateral 
lines, this tissue is heaped up in such a way as to divide the 
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enclosed muscle - cells into four quadrants. These thickenings 
surround dorsally and ventrally a specialised nerve-curd, and 
laterally the excretory canals. 

According to Jammcs 1 this. lack of differentiation in the sub- 
cuticular layer is caused by the early appearance of the cuticle, 
which he thinks is necessitated, at any rate in many of the 
parasitic forms, by the action which the digestive juices of the 
host would have on the otherwise unprotected body-wall. 



Fig. (52. — A transverse section through the hotly of A scans, trantfugu Rud., in the region 
of the oesophagus : «, the muscular oesophagus with its trirudiate lumen ; h , tlio 
cuticle ; c, the sub -cuticle ; d, the muscular layer ; e % the lateral nerves running in 
the lateral line ; /, the excretory cauul ; g, the dorsal, uud /#-, the ventral nerve ; i, 
the triradiatc rod in the tin. 

The nervous system, according to the same writer, is of the same 
nature as this sub-cuticular tissue, only it is more differentiated, 
or perhaps we should say it has retained more of the primitive 
cellular character of the embryonic tissue. The fibres of the 
sub-cuticular tissue arc closely connected with the fibrils which 
compose the Hpongioplusm (Fig. G4, d ) of the muscles, 2 and form 
also the sheaths of the various nerves ; in fact the passage of 
these fibrils into the nerves is so gradual that it is impossible 
to make any separation between them. 

1 Ann, Sci. ntU, 7, scr. vol. xiii. 1802, p. 321. 

9 E. Rohde, SB. Ale, Berlin, 1892, p. 515. 
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The Nervous System. — The central organ of the nervous 
system is the circumoesophageal ring which surrounds the 
pharynx, close to the anterior end of the body, in A. megalo- 
cejihala to 2 111 m. behind the mouth. 1 . Ganglion cells are 
found in the ring, but they are not numerous, and are chiefly 
aggregated round the points of origin of the nerves. 

• Six short nerves, three on each side of the median line, run 
•forward from the ring, a pair of these ending in each of the three 
papillae which surround the mouth. 

llehi ml, the nerve-ring gives off six main nerve trunks, of 
which the dorsal and ventral nerves an*, usually the largest. 


N’EIMATCJpA-^NERVOUS SYSTEM 





Flu. 63. — Diagram of tho nervous system at the two ends of tlic* body in A scoria 
mrt/itlocejtholo Cloq., <5. (After Hesse.) a, t'ireiiiuuesopliugeul nerve-ring; K opening 
of exeretory duets ; c, dorsal nerve ; *(. dorso-lateral nerve ; r, vent ro-lut eral nerve, 
lieeomiug the. bursal nerve posteriorly ; J\ the ventral nerve ; »/, rloacal opening ; 
A, sub-cuticular nerves running from c to/; /■, spicules. 


Those run in the median dorsal and ventral thickenings of the 
■sub -articular tissue, and are connected one with another by 
numerous fine lateral branches running through the sub-cuticlc. 

The lateral nerves, which consist of two or four bundles, ono 
or two lying dorsal and one or two ventral to each excretory 
canal, have a double origin. The dorsal branches arise directly 
from the nerve-ling, and at their point of origin there is a con- 
siderable accumulation of ganglion cells, from which two com- 
missures on each side run into the ventral nerve (Fig. 63,/). 
The ventral branches arise from the ventral nerve-cord imme- 
diately in front of the excretory pore. At the posterior end 
the lateral nerves pass into the two branches into which the 
ventral nerve divides. Just before the point where the ventral 
1 1 R. Hesse, Zeitschr. %cU is. Zool. Bd. liv. 1892, p. 548. 
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nerve splits it swells out into fin anal ganglion situated just 
in front of the anus. In the male 1 this anal ganglion gives off 
two lateral nerves which pass round the cloaca find form a 
ring, find in this sex the ventro-lateral nerve, which is much 
strengthened by fibres from the ventral nerve, and has received, 
owing to the mistaken impression that it was a special nervux 
murrain, the mime of the bursal nerve,” gives off numerous 
brandies to the sense papillae which are found in this region of 
the body find on the tail. The arrangement of these parts is 
'shown in Fig. C3. 

Sense organs are but poorly developed in the Nematoda, as is 
usual in animals which are, as a rule, either parasitic or live, 
underground. Eyes, consisting of masses of dark pigment with 
or without a lens, occur in the neighbourhood of the circum- 
oesophngeal nerve -ring in some free -living forms. Leuekart 
described as possible auditory organs certain giant-cells lying 
near the orifice of the excretory duets. Later research has shown 
-these cells to have some phagocytic action on the contents of the 
body-cavity. The chief sense organs fire the papillae, of which 
in A . nu'ijaloct'phala then*, fire two kinds, the lip papillae being 
distinguished from the genital papillae by the fact that the nerve 
supplying them ends in a fine point and pierces the cuticle in the 
former case, whilst in the Litter it swells out into an “ end-organ,” 
which is always covered by a layer of cuticle, though sometimes 
by a very thin one. 

Muscular System. — The muscular system is one of the most 
characteristic features of the Nematoda, both as regards the 
histology of the muscle-cells find the way in which the cells are. 
arranged. 

Each muscle-cell is of considerable size, and is of the shape of 
a somewhat flattened spindle produced into a process near the 
middle. Each end of the spindle cell is said to be continuous 
with the fibrils of the sub-cuticular layer.- The muscle-cell 
consists of two portions, a contractile part which lies next the 
sub-cuticle, and which usually, to some extent, wraps round the 
second or medullary half. The Litter consists of a fibrillar 
Hpongioplasm, in the meshes of which lies a clear structureless 
hyaloplasm. The nucleus always lies in the medullary hall*. 

1 E. Rohde, ZwL BrAtr . Bd. i. 1885, p. 11. 

8 E. Rohde, ZooL Anz . xvii. 1S94, p. 38. 
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The contractile portion consists of a number of columns, very 
regularly arranged in two rows and close together, but allowing 
. sufficient space between adjacent 
columns for fibrils of the spongio- 
plasm to penetrate ; and these be- 
come continuous with the fibrils 
of the sub-cuticle, which is thus 
intimately connected with both 
nervous and muscular systems. 

The medullary portion of the 
cell varies greatly in size ; it may 
stretch far into the body -cavity, 
which may be thereby almost oc- 
cluded, or it may be flattened out, 
leaving a large space around the 
alimentary canal. At one point, 
usually about its middle, it is 
produced into a process, which 
bends inwards towards the dorsal 
or ventral nerve - cord, • and 1 >y 
means of this process the muscle 

receives its nerve supply. — - ^ 

Tn most Nematodes there are 

d 

numerous muscle-cells to be seen 

in uny transverse section, forming Fl0 M section through 

U layer within the sub - cuticle, the outre of a nniRcle-ccll ; B, the 
,11 . j. .. i sanu through a nerve fibre showing 

and broken up into tour cpiad- uie ub-ciiticuinr fibre* ruuuh.g into 

rants (Fig. 62) by the projec- tiu» sheath. (After Rohde 

. ' , i i i.i i Cuticle; 6 , sub-cut ieulur fibres untinu- 

tion ot the dorsal, ventral, and 0 iih with d ; c, contractile lumns; 

lateral thickenings of the sub- r/ » network of spongioplasm ; e, 

cuticular tissue, in some genera, 

however, such as Oxyuris , Strongylus , Pelodera , Leptodvrn , etc., 
there are but eight muscle-cells in a row, two in each quadrant. 
Such genera are classed together by Schneider, 1 and termed 
Meromyarii (vide p. 137). 

In addition to the characteristic muscles of the body-wall 
there are others, such as those which move the spicules in the 
male, which cross the body-cavity obliquely near the anus, and 
such as sphincter muscles near the bitter orifice, which have not 

1 Monographic der Nematoden, 4to, Berlin, 18titf v 
VOL. II K 
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the characteristic arrangement of contractile and medullary parts 
described above. 

The Body-Cavity. — The skin of a Nematode, as described 
above, contains most of the important organs of the body within 
its thickness. The chief muscular system, the nervous system 
with its sense organs, and the excretory organs are all embedded 
in or form part of the skin, which in its turn encloses a cavity — 
the body-cavitv — in which the other two systems of organs 
which are found in Nematodes lie. These are the digestive 
* system and the reproductive system. 

The body-cavity is continuous from one end of the animal to 
the other, and is in no (rase divided up into compartments by 
the presence of septa or mesenteries. It contains a coagulahle 
fluid with numerous corpuscles : this is, as a rule, colourless, but 
in tfyngumvs trachmlis Sieb. (Fig. 70), which lives on blood, 
the haemoglobin of its host tinges it red, though the colour is 
said to disap}Kiar if the parasite be. isolated and starved. 

The morphological nature of this body-cavity affords an 
interesting problem. It is not a true coelom, such as exists in 
the earthworm, since it is not surrounded by mesoderm, nor do the 
excretory organs, with the possible exception of one or two genera, 
open into it, nor do the generative cells arise from its walls. 
Essentially it is a space, between the mesodennic muscle-cells 
which line the skin and the endodemiic cells of the alimentary 
canal, and although in many of its functions it resembles the 
coelom of other animals, its morphological character is quite 
di Hermit. 

There are no respiratory or circulatory organs in the Nema- 
toda; possibly the fluid in the body-cavity acts, to some extent, 
as a carrier of oxygen, but from the inert and almost vegetative 
life of these animals it seems probable that their respiratory 
processes are slow, and in fact Bunge 1 lias shown that A sc avis 
r nydax, found in the intestine of the cat, will live for four or five 
days in media quite free from oxygen, and that A . acus from the 
pike will live and exhibit movements in the same media for from 
four to six days. 

The Digestive System. — The mouth of the Nematoda is 
usually anterior and terminal, and is surrounded by from two to 
six projecting lips, the most common number being three. These 
1 Xr.it. Physiol* Chan, vnl.'xiv. 1890, ]>. 318. 
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lips are well provided witli sense papillae. The moutli leads into 
an alimentary canal, which with hardly an exception runs straight 
through the body to the anus without twists or loops. The anus 
is usually placed ventrally and is not terminal, lint in Trichina 
and Trichovcphalus it is at the end of the body, and in Jfernns, 
where the several parts of the alimentary canal are said not to 
communicate, it is absent altogether. Tr.hthyonenia, JJrannu-uIns, 
Alfuntoncma , Atractoncma , and other Filarnie are also uproctous. 

The alimentary canal is divisible into three jwirts — (i.) the ' 
oesophagus, (ii.) the intestine, and (iii.) the rectum. The suctorial 
oesophagus is a very muscular, thick -walled tube, lined with 
cuticle continuous with that which covers the body, and like it 
cast from time to time. Its lumen is usually much reduced, and 
is almost invariably triangular or triradiate in section (Fig. G 2 ). 
I11 many genera the hinder end of the oesophagus is swollen into 
a muscular bulb, which is armed with teeth in HHmilisAbrynris, 
rdmlcrn, Lrptodera, etc. Other species, such as Tylrucluix , Aphd- 
nirhus, J)orylahnns % arc armed with a spear, which in Onyx} 
a. genus recently described and allied to the last named, is lioriie 
on a sjiecial bulb. The use of the spear is to pierce the tissue 
upon the juices of which the animal lives. A gland lies embedded 
in the thick walls of the oesophagus, and opens into its lumen 
by a line tube. This was first described by Schneider" in A. 

7 nryaloccpha/a, and more recently it has lieen found by Hamuim” 
in a number of Ascaridae and Strongylidae from the Adriatic, and 
also in Tcnmorcphaf us. 

With a. few exceptions, such ;is Menu is, where it is blind, the 
oesophagus opens posteriorly into the intestine. This is a some- 
what flattened till*?, whose shape and position are often altered 
by the development of the generative organa Its wall consists of 
a single layer of columnur cells, with large nuclei coated internally 
and externally by a layer of cuticle. The inner layer of cuticle 
is usually perforated by very numerous minute pores. In some 
species the intestine is degenerate, in Mermis it is a closed tulie 
opening neither into the oesophagus nor into the rectum ; in 
Trichina spiralis and in the larva of Tylcnchvs trilici it consists 
of a single row of cells perforated by a duct, but in the adult of 

1 N. A. Cobb, 7’. Linn. Sve. K.S, Wales* 2nd hoi*, vol. vi. 1891, p. 143. 

2 Monographic der Nematoden , Berlin, 1866, p. 192. 

3 Ztwl. Am. vol. xvi. 1893, p. 432. * 



Fin. tif>. -A longitudinal 
section through the 
body of Stnmgyhts JUa - 
* ria Hud. (From 0. 
Angstciii. 1 ) A portion 
of the liody, on each 
side of the excretory 
pore, is seen in opti- 
cal section, a. Mouth ; 
h, oesophagus ; c, intes- 
tine ; (/, excretory canal ; 
e t excretory pore, and 
the owning of the poison 
glands, 7 ; J\ circtlin- 
oesoplingeal nerve-ring ; 
0 , ventral nerve. ; //, dor- 
sal nerve ; f, unicellular 
]>oison glands ; k\ ovary, 
with the ova separate ; 
/, oviduct ; »#?, uterus, 
the first egg ill the uterus 
is surrounded by sper- 
matozoa ; 9i , opening of 
uterus ; o, inner end of 
ovary with the ova un- 
differentiated. 

1 Airh. Not nrq, 00 Juhlg. 
13d. i. 1804, p. 250. 
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tlie last named there are many cells in a transverse section. In 
some genera, Leptodem and Pelodera , the lumen of the intestine 
at any one level is bounded by two horseshne-shuped cells, but 
by far the commonest arrangement is a tube formed of fairly 
numerous columnar cells crowded with granules ‘and with large 
nuclei. 

The rectum is usually short; its cuticular lining, like that of 
the oesophagus, is (Mist at intervals. At its anterior end there 
is usually a sphincter muscle, and its walls are divaricated by 
muscular strands which run from it to the body-wall. The anus 
is a transverse slit, which in the male Strongylidue is surrounded 
by a funnel-shaped membrane. 

The food of Nematodes seems to lie almost entirely fluid, and 
consists, at any rate in the parasitic forms, of the elaborated 
juices of their hosts. Little is known about the nutriment of 
the free-living forms. 

The Excretory System. — The excretory organs are peculiar, 
and, like many other Nematode structures, do not fall readily 
into line with what is known of similar organs in other animals. 
They consist of two canals embedded in the Literal thickenings of 
the sub-cuticular tissue. The canals end blindly liehind, but 
near the anterior end of the body they bend inwards, and after 
uniting, open by a common pore situated in the middle ventral 
line, a little way behind the mouth. The lateral canals are in 
some eases continued in front of the transverse branch, and they 
then end blindly in the head. The walls of these canals consist 
of an internal, structureless, refractive layer surrounded by a 
granular layer with nuclei. They contain a fluid, but nothing 
is known of its composition. 

An interesting divergence from the usual form of excretory 
organ lias lieen described by Hamann 1 a in the genus Levant >- 
ncphalvH. Here there is only one canal, the right; anteriorly 
this hends towards the ventral surface and opens by a small 
median pore close behind the nerve-ring. Posteriorly the canal 
does not extend much beyond the middle of the body, where it 
forms a coiled mass, and diminishing in size, opens into the 
body-cavity. The same author also states that both canals in 
JJochmius have a similar internal opening ; these observations, if 
confirmed , 2 show a conformity to the ordinary structure of ex- 
1 SB. Ale. Berlin, 1891, p. 57. [* Hamann subsequently withdrew these statements.] 
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oratory organs which was not supposed to exist in the lateral 
canals of the Nematoda. 

The Reproductive Organs. — With the exception of the 
genera Angiostomnm , Pelodytes, and of 
Jihabdonenm mgrovcnostini , which are 
physiologically hermaphrodite and self- im- 
pregnating, the Nematodes have separate 
sexes. The males are, as a rule, smaller 
than the females, and may usually he distin- 
guished by the posterior end of the body 
being curved 'towards the ventral surface ; a 
genital bursa, and one or more spicules are 
often found in this sex. Further, the posi- 
tion of the genital opening differs; in 
the male the vas deferens opens on the ven- 
tral surface of the rectum close to the anus, 
but the oviduct in the female opens in the 
ventral middle line, usually near the middle 
of the body, but sometimes close behind the 
excretory pore, or in some Strongylidnc just 
in front of the anus. The tail of the male 
1 x 4118 Very numerous pupil lae, which arc* of 
considerable systematic importance. 

With rare exceptions, v.g. Filarin atten- 
vttfftj where it is double, the male reproduc- 
tive organ consists of a single tube divisible 
into a testis proper, a vas deferens, a vcsicula 
seminulis, where the spermatozoa are stored 
up, and a ductus ejaculutorum. The tube 
stretches through the body in a straight line 
in the small free-living forms, but is thrown 
into loops and coils in the larger parasitic 
Nematodes. Within the testis the mother- 
cells of the spermatozoa are uttuchcd to a 
rhachis or axial cord ; the mother-cells divide, and their products 
ultimately form spermatozoa. The latter have a very peculiar shape ; 
in accordance with the universal absence of cilia in the Nematodu 
the spermatozoon has no flagellum, and at first consists of a 
spherical nucleated cell, on one side of which a cap or covering 
of some refractive substance appears. The cap elongates and 
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Fia. 66. — A near is lumbri - 
cables CMoq. natural 
size, cut open along 
the dorsal middle line, 
r/. Oesophagus ; h , in- 
testine ; r, testis ; </, 
vas deferens : //, lateral 
excretory canals. 
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becomes conical, whilst the protoplasmic portion of the spermato- 


zoon throws out pseudopodia and 
becomes amoeboid, lmt ultimately 
rounds itself off again. The sper- 
matozoa do not attain maturity 
uutil they reach the uterus of the 
female. 

The internal female reproductive 
organs are, with few exceptions 
( Trichina , etc.), double, but the 
vagina, which is lined with cuticle 
continuous with that covering the 
body, is always single. They arc 
usually much coiled, and may 1 ms 
divided into ovary, oviduct, and 
uterus. The ova arise from a 
poly nucleated mass of protoplasm 
or syncytium (Fig. 6f», 0 ) at the d 
upper end, and acquire distinct- 
ness as they approach the oviduct. 
Fertilisation takes place in the 
uterus, but the segmentation may 
not begin until some time after 
the eggs are laid: in Jhchmivs , 
however, it is well advanced at 
this period, and in many genera, 
c.ff. Pscadalivs, Trichina, Dvuc.un- 
ettfus, etc., the whole development 
of .the larva takes place in the 
body of the mother. 

Embryology. — The eggs < if 
many of the parasitic forms re- 
quire a considerable degree of 
warmth to. develop. Those of 
Amiris lumhricoides require a 
temperature of 20° 0., those of 
Trichocephalm 22 , 5° C., and those 
of Oxyuris vermicularis, 40 ' U. 
The latter develop in a few hours, 



the eggB of Dochmius in a few days, whilst those of A. lumbri- 
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coides take weeks or even months, and the young of Tricho - 
cepkalus seldom develop within a year. 1 2 The ova only develop 
in a damp atmosphere, and they can be arrested at almost any 
stage, and for considerable periods, by desiccation. 

Our knowledge of the processes by which the fertilised egg- 
cell develops into the larva is very imperfect. As a • rule the 
segmentation is complete and equal ; it results in the formation 
of a blastula, which may take the form of a hollow sphere of 
cells* — A . meyaloMphala — or the cavity may be reduced, and the 
blastula may consist of a double-layered plate, as in Cucullanm? 
The distinction iuto cells which will form the three embryonic 
layers, the ectoderm, mesoderm, and endoderm, is very early 
evident, — in the eight-cell stage. By the growth of one side of 
the blastula and the tucking in of the other the blastula becomes 
converted into a gastrula, which is a two-layered stage with a 
cavity opening to the exterior by a pore termed the blastopore. 
In Nematodes the blastopore is elongated and slit-like ; it either 
forms the mouth ( Cucullanus ) or closes from behind forwards, the 
mouth ultimately arising at the point where the blastopore finally 
closed ( Rkahdonema niyrovenosum). The mesodermal cells lie 
between the ectoderm and the endoderm ; they ultimately develop 
iuto the muscles of the body-wall, the lateral excretory canals, and 
the reproductive organs ; the last-named two systems arise each 3 
from a single cell The nervous system arises from the ectoderm, 
which also forms the sub-cuticle, and is turned in slightly at the 
mouth and anus ; the remainder of the alimentary canal develops 
from the endoderm. 

The post-embryonic development, which is very variable, and 
in many cases very extraordinary, will be dealt with under the 
several families. 

Glassification. — The classification of the Nematodes is a 
matter of very considerable difficulty; their structure is unusually 
monotonous, and, owing perhaps to their largely parasitic mode 
of life, they show practically none of those external features 
which are so useful to the systematist in other groups. Schneider 
in his Monograph divides the group into three subdivisions — (i.) 

1 Lcuckart, Tlui Parasites of Man , English Trans, by W. E. Hoyle, Edinburgh, 

1886, p. 56. 

2 0. Biitsohli, ZcUsclir. wiss . Zool. Bd. xxvi. 1876, p. 108. 

3 0. Haxnann, Ccnlrlb. BaXcter . vol. xi. 1892, p. 501. 
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the Polymyarii, ill which numerous ’ muscle cells are set 1 !! in a 
transverse section ; (ii.) the Meromyarii, in which only eight are 
seen, -two in e*ich quadrant ; and (iii.) the Holomyarii, in which 
the muscles are either not divided, or only divided hy longitudinal 
lines. This grouping has, however, to some extent broken down, 
since Biittchli 1 and others have shown that the third subdivision 
is founded on insufficient observation, whilst the first two include, 
in different subdivisions, Nematodes which are closely allied in 
all respects except us regards their muscle, cells. 

The details of the life- history have been used by other 
writers as a Imsis of classification. Linstow 2 enumerates fourteen 
4 1 is ti net modifications of the post-emhryonic development (ride p. 
lf>9), and Orley 3 lias grouped these under three headings. The 
animals which fall under each group to some extent resemble one 
another in structure. Orley’s groups are: — 

(i.) Nematozoa. — Thread-worms with live larval life, the 
mature forms being parasitic in animals. Enormous numbers of 
eggs are produced, and the development is indirect. The genital 
organs are complicated by many convolutions. 

(ii.) Rhabditiformae. — Small, as a rule microscopic, thread- 
worms, usually living free, hut rarely parasitic. They become 
sexually mature only in decomposing organic substances, or in 
earth saturated with such substances. They live gregariously ami 
do not produce immense numbers of ova. The metamorphosis is 
slight, or is complicated by sexual metamorphosis. The oesophagus 
has two dilatations. The genital tubes are simple and not 
coiled. 

(iii.) Anguillulid&e. — Small microscopic thread-worms, with a 
free existence in mould or water, throughout all stages. They 
produce large eggs. They are provided with a caudal sucker 
ami bristles, sometimes with eyes and other structures charac- 
teristic of a free life. Genital tube simple and not coiled. 

The disadvanUige of such a system is, that to accurately place a 
specimen in its proper class we must be acquainted with its life- 
history, and this is known in but few wises. 

The determination of tins species to which a Nematode belongs 
is a matter of considerable difficulty. Amongst the more important 
features for purposes of classification are the arrangement of the 

1 Zcitschr . wias. Zvol. vol. xxiii. 1873, p. 402. ■ Ibid. veil. xlii. 1885, p. 708. 

3 Ann . Xat. Hist . 5th Her. vol. ix. 1882, p. 301. 



NEMATIIELMINTHES 


muscles, tlie character of the tail in the male,- especially when 
papillae are present, the number and tin; size of the spicules, aud 
the arrangement of the lips and mouth-parts generally. 

Cobb 1 has recently devised an ingenious formula in which 
measurements of different parts of the body appear as percentages 
of the whole length of the body. The nature of this will be 
understood by reference to Fig. 68. Such a formula should, 
however, be used with caution, since it rests on the assumption 



Fra. 68.— Diagram to explain the descriptive formula used for Nematodes. (From 
Cobh.) 6, 7, 8, 10, 6 are tin* transverse measurements, while 7, 14, 28, 50, 88 are the 
corresponding longitudinal measurements. The formula iu this case is 

7 14 28 50 88 
678 10 6 

The unit of measurement is the one-hundredth part of the length of the worm. 
The measurements are therefore percentages of the length. 

The measurements are taken witli the animal viewed in profile ; the first is taken 
ut the base of the oesophagus, the second at the nerve-ring, the third at the cardiac 
constriction, the fourth at the vulva in females and at the middle in males, the 
tilth at the anus. 


that Hu* proportions of the various parts of the body arc constant 
in different individuals, and it is by no means certain that this 
is the case. 

Taking everything into consideration, it has seemed advisable 
in the following systematic account of the Ncmatoda to abandon 
the larger groups, and to deal directly with the families. Claus 
distinguishes seven of these, and the diagnoses given at the head 
of each arc mainly taken from his Grumhiige dcr Zoologie. 2 


I. Family Ascaridae. 

Body rather stout. A dorsal and two ventro-lateral lips, 
hearing pipillae. Buccal cavity distinct, seldom provided with 
chitiuous armature. The oesopliugus often has two dilatations. 

1 Mtirlcay Memorial Volume , Sydney, iS93, p. 252 ; and JProe . Linn. Soc. X.S. IV. 
2nd ser. vnl. v. 1890, p. 449. 

- 4 tli edition, 1880. 
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The tail of the male is ventral ly curved, and usually there are 
two horny spicules. The Asearidae are found in the intestines 
of their respective hosts. 

(renera : Asearis , Heterakis , Oxyvris , Xmiatoxys, Oxysown, and 
many others. 

Von Linstow 1 enumerates over 250 species of Axraris, of 
which it will only ho possible to mention liens one or two. They 
are all parasitic in Vertobrata. 

A . In mhritu rides Linn, is one of the largest known Nematodes 
(<J = 4-0 in M ? = 10-14 in.; Figs. 06 and 67). Tt is u 
common purusitc in man, and lias been found in the ox. It is 
now generally recognised as the*, same parasite which inhabits the 
pig, and which Dujurdin regarded as specifically distinct, and 
named A. suiltae. In the latter host, however, it never attains 
the* dimensions it does in man. It inhabits the upper and middle 
parts of the, small intestine, and has lieen known to escape into 
the. body-cavitv and set up abscesses then 1 , or to make its way 
into the stomach, and to lie. voided through the mouth. It is 
practically cosmopolitan in distribution, and is very common in 
Japan — finely found it in twenty-one out of twenty-three post- 
mortem s — and in Tompiin and tropical Africa. Heller 2 states that 
no one is free from these worms in Finland, and they are common 
wherever there is a plentiful water supply, as in the. marshy 
districts of Holland and Sweden. In Iceland alone, they seem 
absent. When examined alive they give off an irritating 
vapour which seriously affects some observers, causing catarrhal 
symptoms, which in llastiau’s case lasted six weeks. The 
usual number found in one host is small, one to six or eight, but 
cases are on record where many hundreds occurred in one 
person. 

The details of tin? life-history of this form are not yet com- 
pletely worked out. The eggs leave the body of the host with 
the excreta, and formerly it w r as thought they re-entered the 
alimentary canal in drinking-water, etc., and there developed into 
the adult without change of host. This view has been combated 
by Leuckart, who failed to rear the Nematodes by direct feeding, 
and it has been noticed that the youngest parasites found in the 

1 (Jt/M/if HtiiHm dcr Jfchnintholoyi*', Hannover, 1878, mid Nachtrng, 1889. 
a A. Heller, “ Damiachiuurotzen " in v. Lknifwen’a Jlandb. d. up. Path . v. Ther, 
vol. vii. 
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intestine are already 2 to 3 mm. long. Von Linstow has recently 
suggested that the larval stages may lie hatched out in the IhnIv 
of the millipede Julus guttulatas , whose habits might easily lead 
it to eat the eggs of the parasite in manured gardens, etc., and 
which is itself sometimes unconsciously eaten when hidden in 
fruit or vegetables. This would account for the frequent presence 
of the parasite in pigs, and also for the fact that in man it is 
commonest in children who are apt to eat windfalls, ami in 
maniacs and peofde with perverted tastes. 

A. mcgalocephala, whicli is found in the horse, ass, zebra, ox, 
etc., attains even greater dimensions than the foregoing. Tlu* 
male rarely exceeds 7 inches in length, but the female some- 
times reaches 17 inches. They are found in the small intestine of 
their hosts. Cobbold 1 succeeded in miring larvae which attained 
a high degree of organisation when the eggs were placed 
amongst moist horse-dung, and it seems probable that the larvae 
pass into the body of their hosts in drinking water; at any rate 
no intermediate host has yet been found, and Davaine, who fed 
cows, and Leuckart, who fed horses with the uuhatehed eggs, both 
failed to infect the animals they experimented on. A. mystus, 
which lives in cats, dogs, and other Carnivora, has also l>eon 
found in man. It is provided with fiii-like extensions on the 
side of its head (cf. Fig. 62), and varies much in size in different 
hosts. When first found in man it received the name of A. 
alata. It becomes sexually mature in about three weeks. 

One of the most remarkable cycles of development amongst 
the many ertrious life-histories met with amongst Nematodes, is 
that presented by Rhabdonema (Amiris) nigrovmosma. The 
free form of this, formerly known as a distinct species, JUmhditis 
nigrovemsa , lives in the excrement of frogs, and attains sexual 
maturity in a very short time. The sexes pair, and the fertilised 
ova give rise to embryos which hatch out within the body of the 
mother, and then begin to devour her internal organs. After the 
destruction of the mother, the embryos escape and live in water or 
slime, and sometimes burrow into water snails, but they undergo 
no change until swallowed by a frog. Then they make their way 
into its lungs and grow enormously, attaining a length of almost 
an inch. This form, parasitic in the frog, is a protandrous 
hermaphrodite, which first produces spermatozoa and afterwards 
1 Cobbold’H Parasites, Loudon, 1879, p. 246. 
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ova; the latter are fertilised by the sjjer- 
luatozou, and give rise to rhuhditiform 
embryos, which escape by the alimentary 
canal and form the free-living sexual 
stage mentioned above. .Thus in the 
life- hi story of this form we find an alter- 
nation of generation, a sexual free-living 
form alternating with a hermaphrodite 
parasitic form. 

Of tht 1 enormous number of other 
species of the genus, only a very few can 
he mentioned. A. tran&fnya Hud. in- 
habits Wars ; leptoptem lliul., lions; 
A . fcrojc H. and Ehrbg., Hymcoidogi > A. 
th'jurxxa Hud., vultures; A. rubicund a 
Seim., pythons ; A. sulcaty, jBjjk, turtles ; 
A . Murrotmftt Schn., the cfcld^and pike.; 
A . iucnrm Kiul., the sword-fish. 

(hyuris is Meromyarian (see p. 137), 
and is characterised by the long capillary 
tail of tin 1 female. It includes another 
human parasite, O. vcrmitmlarin , and it is 
one which it is difficult to get rid of. 
The female has the characteristic tail 
and is about 10 mm. long. The male is 
smaller. They are. found in the caecum 
and rectum of man, and cause great irri- 
tation and sometimes serious functional 
disturbance. The eggs are laid in immense 
numliers but perish in water. If whilst 
still in the egg-shell the larvae are 
swallowed on fruit or raw vegetables, etc., 
they are set five in the stomach and 
small intestine by the action of the 
digestive secretions. The distribution 
of this parasite is universal. Besides 
numerous species that inhabit the ali- 
mentary canal of Vertebrates, such as 0 L 



Fio. 69.— A male and female 
Oxyurin diesingi Ham. in 
copula, x 60. a, Anus ; 
b % oesophagus ; c, bulb ; d, 
testis ; e % intestine : /, 
ovary. (From Galeb. 1 ) 


ambigua Hud., found iu hares and rabbits ; 0. curvula Bud., in 


1 Arch. Zool . carper. 1 ®4r. tom. vii. 1878, p. 288. 
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the caecum of horses ; 0. mcyatyphhm Hud., in iguanas ; several 
species inhabit the rectum of insects, such as 0 L Id attar , 0. diesinyi , 
0 . hlatticola , found in the cockroach ; (A spirothrca , and fJ. 
hydrophili in the water beetle Hydroph Huh? 

The genus jVnnatourys has the most complex arrangement of 
muscles of any Mcromyarian, and forms a transition to the 
Polymyarian type. The whole body of both sexes is covered 
with numerous irregularly scattered papilkie. The members of 
this genus have, hitherto been found in snakes, Amphibia, and 
eels; there are but few species. 

O.cyxamtt is another small genus with but three sjKJcies, found 
in the intestines of opossums, frogs, and turtles respectively. 


II. Family Strongylidae. 

Mouth suiTounded by papillae ; an armature of teeth or spines 
often present. The chitinous lining of the intestine projects into 
the interior as ridges. No oesophageal bulb. The male orifice at 
the posterior end of the body is surrounded by a hell-shaped bursa. 

(fdiera: Jinstnnujylvs, Stnmyyhis, Jhwkinutx, Sd crouton? urn, 
Cuc.ullanns, Synyanuis, J’xrtulafivs, Olhdanns , and others. 

The genus Eastranyyl ns includes two species, K. yiyas Hud. 
and K tnhifrx Xitsch. The former attains in the female the 
gigantic length of 8G0 mm., with a bread tli of 7 mm. ami a 
weight of over 40 gin. 2 The male is a quarter to a third as long 
as the female. This parasite inhabits the kidney capsules of carni- 
vorous animals, especially of those, that eat tish, such as dogs, 
seals, etc., and has occasionally been found in man, the horse, 
and the deer. It frequently destroys the substance of the 
kidney. The worms are. red in colour. The eggs die when 
exposed to desiccation for a few days, hut have been kept alive, for 
fifteen months in water; it is believed bv Schneider and Lcuckurt 
that they are eaten by fish, and that the larvae form, the Fit aria 
cystica found in the ]>eritonoal membrane of the fishes fiahu ias 
scriha and St/ mh ranch ns latic.andatus , and that they puss into 
their final host, where they become sexually mature, by the latter 
eating raw fish. X. tubifex is found in aquatic birds, c.y. ducks, 
grebes, und divers, etc. 

1 Arch. Zool. rjejicr. 1 hit. tom. vii. 1878, ]». 283. 

2 Italbiani, Aunt. Physio?. 7tli year, 1870-71, ]>. 180. 




VI 


NEMATODA — STRONGVL1DAE 


143 


The genus Utrongylus is easily recognised by its conspicuous 
genital bursa, strengthened by variously arranged ridges wliicli are 
of specific value. There are numerous species, found in man and 
many other mammals, und also in birds and reptiles. Some species 
inhabit the intestine, others form aneurisms in the large 1 ! blood- 
vessels, and cause considerable mortality amongst horses ; others 
live in the tracheae and lungs of cattle and sheep, their presence 
often causing great loss to the farmer. No intermediate host has 
been satisfactorily demonstrated ; the larvae live in damp earth, 
and it seems almost certain that - they puss directly into their 
host with its food. 

Dochmin* ( Aneylostomum ) d uodc nal is, called by Neumann 1 
Unritut/'itt duodenal** , is one of the most dangerous punishes that 
attack man. It lives in the duodenum and jejunum, and tint 
fertilised eggs leave the body of its host with the excreta, and in 
damp earth develop into larvae in the course of a few days. 
These at first eat voraciously, but after undergoing several moults 
they cease to take food and puss into the resting stage. If now 
they are. swallowed with drinking water, they come to rest in 
the small intestine of their host, and in a few weeks become 
sexually mature. They cause great harm by burrowing in the 
intestinal walls and destroying the capillaries. They are found 
by hundreds, and even thousands, in the. same host, and pro- 
duce profound anaemia, which is frequently fatal to miners, 
.and was the cause of a great mortality amongst the workers 
in the St. (iothard Tunnel some fifteen years ago. This 
species is very widely spread over the face of the globe. MW/ - 
min * trif/onoccjfhala liud. and D. stcuocephala produce similar 
diseases in dogs and cats, and D. eernua Crep. is found in sheep 
and goats. 

The genus CuruUanu* exists in the adult form in the intestines 
of fishes, and more randy of reptiles. C. c fey an a Zed., which live 
in fresh-water fish, e.y . the perch, is viviparous ; after birth the 
young pass into the water and make their way into the aliment- 
ary canal of the small crustacean Cyclops, and thence into its 
body-cavity. Here they undergo two moults, accompanied by 
certain changes in structure. If this second host lie swallowed 
by a fish the parasites are set free, and develop generative organs. 

1 A Treatise 1 ni Parasites and Parasitie Diseases. English Trans, by G. Fleming, 
London, 1892. 
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Oil vl fin ns trims/* is Leuck., which in the adult state is found 
in the cat, chiefly in the intestine hut also in the bronchi and 
other parts, gives rise to larvae which arc of enormous size 
compared with the pirent ; these leave the body, and if eaten 
by a mouse encyst in its muscles, and if the mouse be devoured 
by a cat, they complete their life-cycle by becoming sexually 
mature. 

The genus Kyngamvs infests the trachea and bronchi of birds, 
more randy of mammals. The red- or forked-worm , Syngamns 
tracheal is Sieb., is common in poultry and 
game birds, and causes the disease known 
as gapes, which is especially common in 
young birds, and often gives rise to exten- 
sive loss. The peculiarity of this genus 
is that the malt* is permanently attached 
to the female, its genital bursa l>eing so 
closely adherent to the opening of the 
oviduct that two specimens cannot Ije 
separated without tearing the tissues. The 
ova are not laid, but escape from the body 
with fully-formed embryos in them, by the 
decay or rupture of their parent's body. 
They hatch in damp earth or water in 
from one to six weeks according to the 
temperature. When swallowed by a fowl 
they develop into adults, which reproduce 
eggs iu less than three weeks. No second 
host is needed, but the embryos remain 
alive in the alimentary canal of eartli- 
worms, and these doubtless to some extent 
awl. magnified four din- serve to spread the disease. 

meters. The small 6 is 
]x*r manfully attached to 

buiton!*)*' (|iVo ‘ uWm " in. Family Trichotrachelidae. 

This family is characterised by the anterior end of the body 
being produced into a long whip-like neck. The mouth is small 
and devoid of papillae. The oesophagus is very long, and it 
traverses a peculiar strand of cells. 

Genera : Trichocephalus , Trichina , Trichosoma, and others. 

1 Journ. Hoy. Agric . /j foe. 3rd series; vol. iv. 1893. 
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Trichoccp/talus dispar Iliul. (Jiominis Gmel.) is common ill 
man, and also occurs in 
some species of monkey. 

It does not live, freely 
within the intestine, hut 
buries its long whip-like 
anterior end in the mucous 
lining of the caecum or 
colon. The eggs pass out 
of the body of the host. 

The development of the 
embryo is slow, lasting 
many months ; whilst still 
in the egg-shell the em- 
bryos are swallowed, and 
give rise? to the sexually- 
mature parasite without 
the intervention of an 
intermediate host. They 
are by no means uncom- 
mon. Davaiiic calculated 
that about 50 per cent of 
the iuliiiliitnntH of Paris VlG <H»par Rud.. attached to 

purt ot the himiuu colon, x 2. 

were infested with them, 

hut they give rise to little disturbance, and only very occasionally 
cause serious harm. T. ajfinis ltud. infests sheep; 1\ cmiatvs 
End. the pig; T. dcprcssiusculus Kud. the dog; and 1\ unyui- 
c til at us End. the hare, and rabbit. 

The genus Trichasoma , with many species, is as u rule found 
in birds, but it occurs also in mammals, as T. -plica Bud. in the 
bladder* of the fox and wolf, T. fells citti in the Madder of the 
cat, 1\ aerophilmt Duj. in the trachea ot the fox and marten. 
The chief interest of this genus is that, at any rate in T. 
crassimitda Bel., which infests the rat, the dwarf males live two, 
three, or four at a time within the uterus of the female, a con- 
dition of things which recalls the similar arrangement found in 
the Gephyrean Bonellia . 

Trichina, spiralis is the cause of the well-known disease 
trichinosis, which appears in two forms, intestinal and muscular, 
according to the habitat of the parasite. The mature forms of 
. voli. II ■ , L 
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both sexes arc found in the intestine of man and many other 
mammals. They have been experimentally developed in birds, 
though in the latter the larval forms have never l>een observed. 
By keeping such cold-blooded animals as the salamander at a 
constant temperature, Goujon and Legros succeeded in infecting 
them, but the larvsie perished as soon as the artificial heat was 
withdrawn. Muscular trichinosis is unknown in fishes, but the 
sexual fonn develops in their intestine. 

The adult parasites of the intestine are. scarcely visible to 
the naked eye ; the females are 3 to 4 mm. long and more 
numerous than the males, which measure 1‘4 to l’G 111111 . 
The eggs are very numerous, a single female containing at 
one time 1200, and probably producing ten times as many 
during her life. The embryos are hatched out within the. uterus, 
and the larvae leave the body of the mother through the 
generative pore. The minute larvae bore, through the intes- 
tinal walls of their host, and then, either burrowing in the 
tissues or swept along in the stream of blood or lymph, make 
their way all over the body, and come to rest most usually 
in the muscles, but occasionally in other parts. When the 
larva reaches its resting- place, it either pierces the surcolemma 
and establishes itself within the substance, of the muscle-fibre, 
it comes to rest between and not in the fibres. Here 
its presence sets up the formation of 
a spindle-shaped cyst which usually 
contains but one larva, though any 
number up to seven have been found 
in one cyst. "Within this tint larva 
may remain dormant for years, the 
walls of the cyst gradually undergoing 
a fatty or calcareous degeneration. 
Almost any muscle may be affected; 
those most usually infested being the muscles of the diaphragm, of 
the shoulder- blade, and of the lumbar region ; the larvae have also 
been found in the heart. The ends of the muscles near their 
points of attachment are always the most thoroughly infested. 

The number of the encapsuled larvae in one host is enormous. 
Lcuckart counted between 12,000 and 15,000 in a gramme of 
muscle, which would give a total of thirty to forty million para- 
sites in one host ; other estimates place the total even higher. 


or 



Fig. 72 . — Trichina ttpimlift Owen, 
encysted in muscle. r/. Calcare- 
ous deposit. H iglily magnified. 
(From Lcuckart.) 
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When trichi nisecl meat is eaten, unless it lias been thoroughly 
cooked, the cysts are dissolved and the larvae are set free. Within 
three or four days they become sexually mature and their ova 
begin to segment. The males after a time leave the body with 
the excreta and perish, whilst the larvae of the new brood make 
their way into the tissues of the host. 

Man usually acquires trichinosis by eating uncooked or im- 
properly-cooked pork, and the disease is so widely spread and of 
such a serious nature that most civilised countries have adopted 
rigorous methods for the detection of trichinised meat. The pigs 
either acquire the disease by eating uncooked swine’s flesh, which 
is frequently given them in the form of offal, or by devouring 
rats, which are very susceptible to the disease. 

IV. Family Filariidae. 

Mouth with two lips, or without lips. Six oral papillae, often 
present, and sometimes a horny oral capsule. Four pre-anal 
pairs of papillae, and sometimes an unpaired one as well. Two 
unequal spicula or a single one. 

Genera : Filar ia , , Ivhthyonemn, liyxt rich /«, Fpimptcm, Ms- 
pkantyux, and others. 

The genus Filaria is a very large one. Like Awaris, it is 
confined to Vertebrates, but usually lives in the tissues of the 
body and not in the intestines. F. (Jh'acunciihis) mrdinrnsis 
Gmel., the guinea- worm, is well known as a human parasite in 
hot countries ; it also occurs in the horse and dog. The female 
has an average length of 50 to 80 cm., but gigantic forms with 
a length of 4 metres have been described. Tins alimentary canal 
is degenerate. In adult females the body is completely occupied 
by a uterus crowded with eggs and embryos, which can only 
escape by the rupture of the mother’s body, as the genital ducts 
have disap]>eured. Its original home is tropical Asia and Africa, 
but it has been introduced into South America with the negroes. 

The female lives coiled up in the subcutaneous tissues, usually 
in those of the legs. Its presence gives rise to painful tumours. 
When these break the female protrudes, and may be withdrawn 
from the body by very carefully rolling it round a stick or pencil. 
This must be done very slowly, a few inches a day, as the rupture 
of the body sets free the contained embryos, and may result in 
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the death of the host. The embryos normally tore their way 
iiito the body of the fresh-water Cyclops, and are re-introduced 
into their Vertebrate hosts with the drinking-water. It is 
usually stated that the female alone is known, and that it is 
uncertain whether it is hermaphrodite or whether both sexes are 
present in the Cyclops . Recently Dr. Charles 1 has described a 
specimen found in the mesentery of a human subject, from uu 
oritice in the middle of whose body he was able to draw a much 
smaller specimen, and he thinks this may to the long-sought-for 
male. 

Filaria immitis Leidy, the cruel worm, is common in dogs 



Fia. 73. — A, View of the heart of a dog infested with Filaria immitti 2 Leidy ; the right 
ventricle and has*; of the pulmonary artery have lieeu opened, a , Aorta ; b, pulmonary 
artery ; c, veua cava ; /f, right ventricle ; e, appendix of left auricle ; /, appendix of 
right auricle. B, A leuiale F. immitis removed from the heart to show its length. 
Natural size. 

in China and the East generally. It is not unknown in America 
and Europe. It occurs in such large clusters in the right ventricle 
that it is difficult to see how the circulation cun proceed. The 
intermediate host is unknown, but from the prevalence of the' 

1 Sci. Mem. Malic. Officers, Jinny of India, vol. vii. 1892, p. 51. 
a Sliiplny, Proc. Phil. Hoc. (Jamb. vol. viii. 1892-95, p. 211. 
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disease in iqpshy country it is probably some aquatic animal 
The larvae are said by Manson to disappear from the peripheral 
circulation of the dog during the day, but not to such a marked 
extent as do the F. sanguinis hominis Lew., var. nocturna Man. 
They were found by Galcb and Tourquier in the foetus of an 
infested bitch, a fact which establishes the transmission of such 
parasites through the placenta. 

Filaria sanguinis hominis nocturna. — The female of this 
parasite lias been described as living in the lymphatic glands of 
man. The embryos escape from it into the lymph, and thus 
reach the blood. According to Manson the intermediate host is 
the mosquito, in whose stomach the embryos undergo their larval 
changes. When the mosquito dies the larvae escape into the 
water, and then make their way into the alimentary canal of 
man, where they are believed to pair, and whence the female 
makes its way to the lymphatics. The presence of this Filaria 
■causes great functional disturbance. One of the most remarkable 
features of it is that the larvae, which are very numerous in the 
blood during the night, disappear during the day, and are not to lie 
found, lteceiitly Manson 1 has described two new varieties : F. sun . 
horn, diurna , in which the conditions of tilings are reversed, the 
. larvae being fqund by day and not by night ; and F sun. ham. 
pcrslans, in which the larvae occur both by day and by night. The 
larvae are long-lived, and wore found by Manson in the blood of 
a negro who had not been in Africa, where it is endemic, for six 
years. The same observer is inclined to associate the presence 
of F. san. horn, pterstans with the fatal disease known as “ sleeping 
sickness.” He also suggests that the mature form of the variety 
diurna is the F. loa, which is not uncommon in the eyes of 
negroes, and that its intermediate host may 1 )C one of the blood- 
sucking flies so common on the west coast of Africa. 

The genus Ichtliyonema is confined to fishes. The male is 
very minute and the female partly degenerate. It lias no anus 
and 110 external opening to its generative organs. The uterus 
Alls up almost the whole of the body-cavity. I. sanguineum 
Iiud. is found encapsuled in the peritoneum of many fish. 

Hystrichis and Dispharagus are confined to birds, where they 
occur in the oesophagus and stomach. Spiroptera reticulata 

1 “The Distribution, etc., of Filaria sanguinis hominis” Trans, of 7th Inter. 
'Congress of Hygiene, vol. i. 1892, p. 79. 



1 50 NEMATHELMINTIIES chap. 


Crop. occurs in horses, twisted in a spiral round. tendons and 
muscles, forming tumours which require to he opened. 

V. Family Mermithidae. 

Nematodes without anus and with six mouth papillae. Two 
spicules in the males and three rows of numerous papillae. • 

Genera: Mr. mi is, Brady nemo, Alrnrtonewa , A/fov/nnewa, 
tipharr ill aria, and others. 

As a rule the Nematoda show hut little trace of their parasitic 
mode of life, hut in this family there is considerable degeneration, 
ami in extreme cases the body of the female is minced to a simple, 
sac crowded with eggs. They are exclusively parasitic in insects. 
In some res]H)cts their structure shows a transition towards 
Nt'etonnna and the Gnrdiiduc : especially is this the case in the. 
structure of their ventral nerve-cord. 

The sexual form of Mrrmis niff mums Duj. 1 lives in damp 
earth, and after storms and in tin; early morning is sometimes 
found in such numbers crawling up the stalks of plants, as to 
give rise to the popular idea that there has been a shower of 
worms. The male is unknown ; the female lays her eggs in the 
ground, and there they hatch out. It is not known exactly how. 
the larvae, make their way into the grasshoppers in whose body- 
cavity they live, but in an allied species, M. albicans v. Sick, 
the larvae have been observed boring their way into small 
caterpillars through their skin, and it seems probable that the 
larvae of M. nigrescens burrow' in a similar way into young 
Orthoptera. 

Brody item a rigid inn I /nick. 3 is found in the adult stage living 
freely in the body-cavity of a small beetle Apli odiusji m eta riiis, one of 
the Scaralnddae, from two to three to as many as thirty being found 
in one host, which does not seem much injured by their presence. 
The parasite is without mouth, anus, or excretory pore. The 
eggs hatch out in the uterus of the mother, ami the larvae are 
male and female ; they make their way into the body-cavity of 
the host, and here they puss an unusually long time, five months, 
soaking in osmotically the nutriment contained in the blood 
of the insect. Eventually they burrow through the walls of 

1 v. Linstow, Arch . mihr. Anat. vol. xl. 1892, p. 498. 

8 zur Strassen, Zcitachr. wiss. Z00U vol. liv. 1892, p. 655. 
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the intestine, and leaving the body of their host through the 
anus, find their way to the earth. Here, according to zur 
Strussen, the females die without playing any part in the per- 
petuation of the species. The mules, on the other hand, having 
developed spermatozoa whilst in the larval stage (paedogenesis), 
afterwards form ova, and are in fact protandrous hermaphrodites, 
and become the mature parasites of the beetle, though liow they 
enter the body of the host is unknown. 



Fig. 74. — A Ihtntonema 
mirnhib' I/tMick. (From 
Ijfiicknrt.) A, Mule 
I thill >< lit is stage, sexu- 
ally mature, x 100 ; 
B. tin* mature female 
parasitie loriii, x 17, 
iwing at the upper 
viii I part, nf the cap- 
sule- richly supplied 
with the tracheae of 
the host, a lieetlo ; C, 
female lthahilitis stage, 
sexually mature, x 
100 ; D, the larva de- 
veloped from the 
Hlmbditis form, x 
102. 


The phenomenon 'presented by the hermaphroditism of Brady - 
nemo, is, as far as we know, at present unique, as, though some 
other Nematodes are hermaphrodite, in their case the her- 
maphrodite form alternates with a bisexual generation. It is 
further interesting as showing a means by which hermaphro- 
ditism may arise, by the suppression of the females and the 
assumption of their functions by the male. In the case of 
JRhabdonema nigrovenosum , no females appear in the alternate 
generation. 
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A similar protandry exists in the parasitic forms of Allnntonema ,* 
of which there are several species — A. m irahilr in Hylobius pini, 
A . sylvaticum in Geotrupcs xylcaticit , A. diplogustcr in Tomicus 
typoyraj)hicu8 ; but in their case the male and female forms which 
leave their host pair in the damp earth and give rise to larvae 



Fig. 75. — Atmctonnna gibbwum Leuck. (From Leu ck art.) 1 P Female with commenc- 
ing prolapsus of tlie uterus and neighlKiuring parts, x 130 ; 2, n further stage, the 
female being now sexually mature, x 15 ; 8, a still older stage, with commencing 
degeneration of the body of the female, x 15. 

which make their way into the body of the beetle-grubs. Here 
they undergo very extensive retrogressive change. The body of the 
female, which becomes the shape of a thick sausage, is encapsuled 
and surrounded hy a curious hypertrophied network of tracheae . 
(Fig/ 74). As is usually the cose with the degenerate parasitic 
forms, there are practically no organs but the ovary, and this is 
1 Rud. Leucknrt, Abh. Sachs, Oes, vol. xiii. 1887, p. 567. 
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embedded in a fatty parenchyma which fills all the space within 
the skin. 

Atractonema ffibhosum, which lives in the body-cavity of the 
larva of Cacidomym jrini, has a similar life-history, but the parasitic 
form has a structural peculiarity which merits attention (Fig. 75). 
At the time of sexual maturity a swelling, which is caused by the 
prolapsus of the uterus and vagina, appears at the posterior end 
of the body; this swelling increases until it equals the rest of the 



Fig. 76. — Four stages in the life-history of Sphaerularia homhi Du four, 9. (From 
Leiu'lcurt.) A, Beginning of the protrusion of the uterus (A), x 66 ; B. later stage, 
x 66 ; C, Inter stage, x VI ; D, the protrusion is complete, x 6. In each case a 
represents the Nematode, anil b its protruded uterus. 

body of the Nematode in size. Even this is far surpassed by a 
similar protuberance in iipha-crularia homhi, where the evaginated 
sac grows with such extreme rapidity that in a few weeks its 
length increases from *25 nun. to 15 nun. and its volume 60,000- 
fold, the increase being due, ’according to Leuckart, to the increuse 
in size of the individual cells and not to their multiplication. 
The Nematode which has produced this enormous growth* gets 
relatively smaller and mailer, and ultimately drops off (Fig. 76). 
The sexual larvae which arise from the eggs in this sue leave the 
body of the bee in which this species is parasitic by the anus. 
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und may live in damp earth, moss, etc., for months without taking 
nourishment, until the autumn, when they become sexually mature 
and, according to Leuekart, pair. The fertilised female is believed 
to l>ore her way into the humble-bee whilst the latter is seeking 
her underground winter quarters ; this accounts for the fact that 
only queen bees are infected. The parasite is widely distributed 
both in Europe and North America ; it is found iu many species 
of Bnmhns, but most frequently in JJ. fapidm'iu* and B. terreatris. 
The presence of the Splitter vlaria affects the reproductive organs 
of the host, and reduces their fertility, so that ah infected queen 
bee never succeeds in forming a colony. 

VI. Family Anguillulidae. 

For the most part five living and of small size. The. oeso- 
phagus has usually a double swelling or two oesophageal bulbs. 
The. male has two equal spicula. 

(lencra : Diployastrr, Monowchu * , BhaMitis, Tylewhu * , Any nil - 
luia , and many others. 

Many species of this family live in humus or decaying matter; 
others live on, or are parasitic in, plants; some, such as Any nil- 
In! n areti, which is found in vinegar and in paste, live in organic 
fluids. 

The part played by the presence of these Nematodes in the 
soil is not thoroughly understood: sometimes they occur in great 
numbers, and even when not directly parasitic in plants, probably 
do them much damage. Cobb 1 has recently described from 
Australia and Fiji over eighty species, one-lmlf of them new, which 
occur mostly in the earth, and many of them among plant roots. 
They frequently crawl up on to plants, especially on to seedlings. 
An instance of this is given as follows : “ The edible part of three 
hunches of nice-looking celery bought of a Chinaman in Sydney 
was cut off as far up as it was tender, nearly to the first leaflets, j 
It was washed hv hand iu a tin dish in tank water, five from 
Nematodes. The. washings gave about 200 to 300 Nematodes^ 
belongiug to five different genera.” 

It is very probable that many of the free-living forms which 
have received distinct specific names may* ultimately turn out to 
be but stages in the life-history of some of the parasitic species. 

1 Macleay Memorial Vol. Sydney, 1803, p. 253. 
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Von Linstow 1 lias pointed out that the free form of A. 
diplogaster, if found alone, would he placed in the genus Diplo - 
y aster ; similarly the bisexual form of Ascaris nigra cvnosa is known 
as lihahditis nigra re nosa. 

Those Nematodes which live parasitically in plants, e.g. many 
of the genera Tylmchux and ApMenrhu* and Heterodern , as 
well as those which only pierce the epidermis of the roots (tin 1 , 
remaining species of the above-named genera), are provided with 
a spine which works to and fro through the mouth and assists the 
animal to bore into the tissues of the plant. 2'gl enr.hu s devustatrix 
lives and reproduces in leaves and steins (never in the roots, 
except in the case of hops 2 ) of many cultivated plants, such as 
rye, oats, onions, etc. “ Clover sickness ” is probably caused by 
tliis Nematode. The plants become infected by the thread- 
worms in the soil during the spring ; their presence causes swell- 
ings and often kills the plant, in which case the. worms return to 
the soil or remain in the straw. 

Tylrnrhu s tritiri Need, is the cause of fi ear-cockles ” in corn. 
These, take the. form of brown 
or purple galls, which replace 
the grains of corn, and which 
contain hundreds of minute 
Nematodes. In these, galls 
they are motionless, and are 
capable of surviving in dry- 
ness for at least twenty years ; 
but when moistened, — for in- 
stance, by the gall falling on 
damp earth, — they resume 
their vitality and make their Fia. 77. -A, Female schachtii 

Schmidt, breaking through t-liu epidermis of 



way to the young wheat 
plants, and then, wriggling 
up the leaves and stems, 
find their -way to the ear. 

Here they pair, and produc- 
ing a gall-like growth in the flower, lay numerous eggs ; 
which arise the Nematodes of the. ear-cockle. 

Heterodera schachtii 8 Schmidt, is the cause of the " beet sick- 


u root ; the head is still embedded in the 
parenchyma of the root : B, larvae taring 
their way into a root ; in larva of the immobile 
kind surrounded by the old skin, living as 
an ectoparasite on the outside of the root. 
(From Strubell.) 


from 


1 Ccntrbl. Bolder, vol. viii. 1890, p. 489. 8 J. Pcrcival, Nat. Set. vol. vi. 1895, p. 187. 

8 A. Strubell, Bibl. Zool. Bd. i. Heft 2, 1888, p. 1. 
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ness,” and forma galls or swellings oil the roots of many plants, 
in England especially on the roots of tomatoes and cucumbers. 
The five larvsie live in the earth and make their way into 
the smaller rootlets ; here the female larvae shed their skin, lose 
their characteristic Nematode form, and become citron -shaped 
(Fig. 78, I.)). The male larvae undergo a change, and after 
a period of rest cast their skin and, leaving the rootlet, seek 
out the females. The female does not undergo this second 
eedysis, but its generative organs grow and mature in what is 




Fro. 78. — A, Male He- 
tvrodem echacJitii 
strongly magnified ; 
ft, head lapjnits ; b t 
mouth cavity ; c, 
spine : d, muscle 
of spine ; e, gland ; 
/, oesophagus ; ;/, 
1 mil > ; /*, nerve-ring ; 
i, excretory pore. ; g, 
intestine; testis 
intestine ; w, muscles 
moving spicule ; a, 
spicule: B, first ino- 
t ilc larva : C, second 
iiiuiKivnlile }mraxitic 
larva cast i ug its sk in : 
D, a female with one 
half of the liody- 
wall taken away to 
show the coiling 
generative organs ; 
a, 1 siring apparatus ; 
h, oesophageal hull) j 
e, excretory pore ; d, 
aliiuentnry canal ; e, 
anus ; J\ ovary : E, 
a male shortly lw;- 
fore casting its larval 
skin. 


practically a birval stage. Tlic embryos develop within the body 
of the mother, and, escaping through the uterus, ultimately cause 
her death. They then make their way into the earth. The cycle 
of the development takes but four or live weeks, so that, as in the 
wise of Tylaichus dm: Matrix, there are several broods in a year ; 
T. tritivi , on the other hand, has but one. 

Vuillemin and Lcgrain 1 point out that while Hcterodera is 
injurious to cultivated plants growing in damp soil, its pres- 
ence is advantageous to those that grow in deserta It is very 
.common in the Sahara, and attacks many plants which are 
1 C. R. Ac, Sci. oxviii. 1894, p. 549. 
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immune from it elsewhere. It causes the rootlets to swell out, 
( and the bladder -like extensions thus formed act as reservoirs 
for water. ■ 

Many other species attack plants; TylenchuS millcfolii Low 
forms galls on Achillea , T. dipsaci KUhn. on the teazle. They 
all seem to have great powers of resisting desiccation. The 
former species, when dried und placed in a herbarium in May, 
gave rise to active worms when moistened the following October ; 
and the corn eel-worm is said to survive twenty-seven years in a 
state of suspended animation. On the other hand, although these 
Nematodes like moisture, they cannot withstand submersion in 
water for auy time. They can resist a considerable degree of 
cold, and a species, Aph clench us nivalis Auriv., 1 has been descrited 
from Spitzliergen, where it lives in the snow amongst a small 

red alga, SphaercUa nivalis. 

» 

VII. Family Enoplidae. 

Small, as a rule free-living, usually marine Nematodes, with- 
out a second oesophageal bulb. Eyes and mouth-armature often 
present. Fine hairs and bristles sometimes surround the mouth. 

Genera: E wapitis, Daryl aimus, Enchelidrum , and others. 

The genus Enoplus is exclusively marine, living amongst 
Algae ami Hydroids in shallow water and moving actively about, 
but never coiling into spirals. I)e Man 2 describes Enoplus 
hr vis Bast, as being attacked by a plant parasite, probably a 
Bacterium, of a greenish colour, which infested the muscles and 
gave them a peculiar colour. 

Numerous other species have been described by Ik* Man 
from the coast of Holland. It is probable that some of them urc 
the free stages of parasitic forms; a brackish water species found 
in the East Indies (. Dorylaimns palustris) is regarded by Carter 
as the larva of Filaria nmlincnsis. Onchalaimus echini Leyd. is 
parasitic in the intestine of the sea-urchin Echinus csculentus. 
Tricoma cincta 8 has a strongly striated cuticle, which gives it 
almost the appearance of segmentation. Fimbria tenuis has 
numerous bail's on the tail, and the mouth is surrounded by 
bristle-l:>earing papillae. 

1 Bihang Svcnska Ak. Ilandl. viii. No. 11, 1883. 

* Anal. UhUrsnch. U. freilebende Nordsrc-XemcUoden^ Leipzig, 1880. 

1 9 Cobh, P. Limn. Hoc. N. S. Wales , 2nd ser. viii. 1893, p. 389. 
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Here must l)e mentioned two families closely allied to the 
true Nematodes. 

(i.) Ghaetosomatidae. — This family 
includes three genera : Chaetosoma , 
Jfliabdogaster , and I'visticochacta. Ac- 
zjMt cording to Metschnikoff, 1 although they 
are not true Nematodes, they have 
-jar a great likeness to the group. .He dis- 

tinguishes them from the swimming 
ifMr memhers of the group as “creeping 

Nematoda.” Chaetosoma, of which 
dm two species are known, C. ophiecjihalum 

and G. cJaparedvi , has a head distinct 
from the body (Fig. 79). The mouth 
* is at the anterior end, surrounded 
h Y a d° u ^ e semicircle of movable 
C spicules ; the whole body is covered by 

Fiu. 79 . — Mature fvinnle of ('htte- ihie hairs, and oil the ventral surface, 

0 wtHiittr/ttjH tm/ii M u tschi li. , x j us t ju front of the anus, is a double 
57. ( From MetscliuikofT.) a t d * 

Oesophagus ; ft, intestine ; r.TOW of about fifteen cylindrical pl’O- 

uiius ; r/, ovary; t. puurative bv 

pore ; / ventral bristles. ■> ’ l * \ / 

whose agency .Viwa 
the animal creeps. The female C. L % 

vlajmredii is l a 5 mm. long, the male 
1*14 mm. They were found creeping 
about on sea- weeds in the neighbour- . \ \AE . 

hood of Salerno. /y 

The genus Tristuoc.haeta 2 differs /jg 
from the foregoing iu having three rows i % [] L /i 

of locomotor projections instead of two. jfe / /I Jr* 

Jthabdogaster has no head distinct 
from the body, though the anterior 
]>art of the Ixsly is swollen. A \ 

second swelling occurs, as is also the Fig- 80 .— TrisiicorJiaetn fnari - 
... «. ■ . inense Panceri, in one of its 

case with Chaetosoma , in the region IIlosfc llHllfl i iwsitions, showing 
of the opening of the genital ducts. the , trl l l1 ® ot ’ velltr . a J 

rp , . | , ... bristles, x 100. ( From Panecri.) 

The female m Mh. cygmndes attains a 

length of 0'36 mm. In this genus the hairs are confined to 


1 ZciUehr . wiss. Zool . Bd. xvii. 1867, }>. 539. 
s Panccri, Atti Ace. Napoli, vii. 1878, No. 10. 
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the dorsal middle line. The locomotor projections are hooked, 
and are much finer than those of Chactosoma , and they are 
situated farther forward than in the last-named 
genus. Rhabdoyastcr occurs in the same 
surroundings as Chaetosoma. Ch. ophtccphahim 
is recorded from the English Channel. 

(ii.) Desmoscolecidae. — The members of 
this family are minute, and are characterised 
by the presence of well-marked ridges 
which surround the body and give it 
an appearance of segmentation. The head, 
which is somewhat swollen, bears four bristles, 
and single pairs are borne by a certain num- 
l>er of the ridges, some on the dorsal and 
some on the ventral surface. These hairs can 
be moved independently of one another. Two 
red eye-spots are described lietween the. fourth 
and fifth rings. The sexes are distinct, and 
the internal organs generally have a marked 
resemblance to those of the true Xematodu. 

The JJrsHiosrnhr.idfte move by looping their 
bodies after the manner of the (icometrid 
caterpillars, as well as by creeping with their 
bristles. The. genus contains numerous species 1 : 

1 K minutus Clap. (English Channel), IK turn a - 
toides Creel*, ]). adrlphus (I reef, I), vhat' toy aster 
Greef, 1). cf otiyitf.it a J’linceri, and 1). lanuginosa *1— Female De *- 

i , . fI11 ' , . . . ninsrnlr# fhnujdtus 

l’uuceri. J hey are exclusively marine. humeri, ventral 

Tri rhodtrnn a oaet/ra uda t a m ( i retd* “ is a yjf w * , 2t50, "»t)vary. 

. . , . , i i-ii (From Paiieen.) 

minute animal, O'd mm. long, which has no 

head or ventral spines, but whose body is ringed and covered with 

long hair-like bristles. The male has two spicules, and the. internal 

organisation recalls that of other Nematodes ; still its ringed body 

has induced some authorities to place it near to Desmoscolex . 

The Life-History of Nematodes. 

Although, considering the enormous number of species of 
Nematodes and the remarkable diversity of the conditions under 
3 Panecri, Atti Ace. ATapoli , vii. 1878, No. 10. s Arch. Naturg. 35 (i.), 1869, p. 112. 
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which they live, their bodily structure shows a very striking 
uniformity, ' the same is by no means the case with their life-, 
history, which exhibits an astounding variety. Von Linstow 1 
lias arranged the various modifications, which occur under four- 
teen heads. He includes in his list the Gordian worms, which 
we have placed under a different heading. The following account 
lias been taken from his paper, with a few alterations : — 

1. The embryos develop, with a larval stage and without any 
change of medium, directly into the mature sexual forms. They 
live in fresh, bruckish, or salt water, in plants, in the earth or 
in decaying organic matter: examples, Doiylaimus, Enoplus, 
Fleet us, Monhystera. 

2. The larvae live in the earth, the sexual forms in plants : 
examples, Tylenelius tritici and T. devastatrix , Heterodera schachtii 
(Figs. 77 and 78). 

3. The larvae live in animals, after whose death and decay 
they are set free and develop into the sexual animals in the earth : 
example, Ehabditis pellio. 

4. The bisexual forms live in the earth, and the fertilised 
females bore into animals (insects), and here produce Embryos: 
example, tfpihnerularia bornbi (Fig. 76). 

o. The bisexual forms live in the earth ; the females do not 
develop, but the males make their way into, Insects (Beetles), 
and becoming hermaphrodite, develop ova which give rise to the 
bisexual form : example, Bradynema rigidum. 

6. The larvae live in the earth, the sexual form in Vertebrates : 
examples, Dochmius , Strongylus . 

7. The Nematode lives as a hermaphrodite in animals, the 
offspring of this, by an alternation of generations, become sexual - 
in the earth : example, Ekabdonema in Frog. 

8. A bisexual free form gives origin to a bisexual parasitic form 
living in an animal : example, Leptodera appendiculata in Snails. 

9. The eggs develop in the. earth, and give rise to embryos- 
which are transferred whilst still in the egg-cell to the body of 
an animal. The embryos hatch out and form bisexual parasites : 
examples, Oxyuris , Trichoceplialm. 

10. The larvae live in insects, the sexual worms in water or 
in the earth : example, Mermis. 

11. The larva lives encapsuled and is passively transferred to 1 

1 Zeiimhr. win. Zoo! . Bd. xlii. 1885, p. 708. 
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a second animal: examples, Ollulanm, from Mouse to Cat ; Cucul- 
htnus clegans, from Cyclops to Pcrcli; Sjrirojrtcra obtusa, from 
Meal-worm to Mouse. 

12. The sexual form lives for a short time in the intestine of 
a Vertebrate, and produces larvae which bore, through the intes- 
tinal wall and become encapsuled in the tissues : example, 
Trichina spiralis. 

13. The sexual animal lives in the trachea of birds; the ova 
containing embryos are coughed up and are taken into other 
birds with food. They quit the egg-shell and wander into the 
air-sacs, and finally into the trachea : example, Synyumus. 

14. There 'are two larval forms; the first lives in water, the 
second in the lungs of Amphibia, whence they wander into the 
intestine and become sexually mature : example, Nematojcys longi - 
cauda in Triton alpcstris . 

Parasitism. 

1. Effect of Parasitism on the Parasite. — The usual effect 
of parasitism on the parasitic organism is that the various organs 
necessary for a five life tend to degenerate, whilst there is a 
multiplication and development of organs of adhesion, by menus 
of which the parasite maintains its hold on its host. There is 
further an immense increase in the powers of reproduction, which 
may take the form of an increase in the numlier of fertilised eggs 
produced, or the parasite may at some time of its life reproduce 
asexually, by budding, or fission, or parthenogeticnlly. 

Of the various classes of animals which are more or less para- 
sitic, the Nematodes show less difference between the free-living 
and parasitic memlxns of tlu? group than obtains in any other 
class. With few exceptions, such us Sphacrutavia , Al/antonema, 
and one or two others, the parasitic forms have undergone but 
little degeneration. It is true that they have no eyes such as 
the free forms often possess, but in other respects, such as in the 
nervous, muscular, and digestive' systems, they do not show any 
marked retrogression ; further, the mouth-armature is developed 
in many free forms, and is not confined to the parasites. 

The group has developed no methods of asexual reproduction 
by budding or fission, such as are found in Platyhelminthes ; and 
the cases of uu alternation of generations in which a sexual form 
alternates with a parthenogenetic form, are rare, e.g. JRhal - 
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donema nigrovenosum ; and it seems possible that even when 
parthenogenesis has been described, further observation may show 
that the partlienogenetic stage is really a protandrous hermaphro- 
dite, in which case the alternation of generations in Nematodes, 
i.e. the hermaphrodite alternating witli the dioecious form, is a ease 
of hctcrogamy or the alternation of two sexual generations. 

On the other hand, parasitic Nematodes produce enormous 
numbers of eggs. Van Beneden states that 60,000,000 have been 
computed in a single Nematode, and this multiplication of ova is 
absolutely necessary, for the chance of the embryo reaching the 
right host, in which alone it can develop, is always a small one. 

It is a common thing to lind that parasites are either herma- 
phrodite or that the male is degenerate, as is the case with many 
of the jMirasitic Crustacea, but with one or two exceptions the 
Nematodu are bisexual, and although, as a rule, the males are 
smuller than the females, they show no other trace of degeneracy. 

In spite of the fact that the class as a whole shows but few 
special modifications consequent on a parasitic mode of life, it is 
clear that the Nematodu are peculiarly adapted for such a mode of 
life. Their elongated thread-like bodies afford little resistance to 
the passage of the food, which, as it pisses through the intestine 
of the host, might tend to carry the parasites out of the body. 
At the same time their shape enables them to pierce and wriggle 
through the various tissues without making any very serious 
lesions such as might prove fatal to their host. Their extra- 
ordinary power of resisting desiccation both in the egg and in 
the adult state vastly increases their chances of ultimately hit- 
ting on the right host. They are capable of living in a state of 
suspended animation for months, and even years when dried 
(vide p. 136), and of resuming their activity on being moistened. 

The great faculty this group shows for living parasitically is 
evinced by the extraordinary variety of life-history presented by the 
different species. There is scarcely a stage which may not be para- 
sitic; the eggs, the larvae, the adults are all in some cases free, in 
others parasitic, and in many cases first the one and then the other. 

2. Occurrence and Effect of the Parasite on the Host. — Von 
Linstow states that the only law that can be derived inductively 
from the study of the life-history of Nematodes is that those that 
live in animals never pass through all their stages of development 
in the same organ ; consequently, in considering the distributibn of 
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the parasites within the body of their host we have a double habitat 
to consider. Many forms, such as Trichina spiralis , wander from 
the intestine to the muscles; others, such as Filaria medinensis , 
from the alimentary canal to the lymphatics or blood vessels or sub- 
cutaneous tissuea Others pass from the Ixxly-cavity to the intes- 
tine, as the Mermithidae, which infest Insects, or from the stem and 
leaves of a plant to its flower, as in the case of Tylenchus tritici. 

With regard to their occurrence in the different classes of the 
animal kingdom, they have been most frequently observed in 
Vertebrates and in Insects. They are. comparatively rare in 
the other large divisions. Many genera are confined to certain 
hosts : thus Ascaris, Filaria , Trichosoma occur only in Vertebrates ; 
Spiroptera (with one exception) in Mammals and Birds ; Cuc/ul - 
l anus in Fishes and Amphibia ; Strongylus and Physaloptera in 
Mammals, Birds, and .Reptiles ; Dochm ius, Psmdalius , Triclio- 
cephalm in Mammals ; Dispharagus, Hystrichis , Syngamus in 
Birds; Nematoxys, Hcdruris in Amphibia and Reptiles; Ichthyo - 
ncma in Fishes ; and lands and Mcrmis in Insects. 

Twenty-two species have lieen descrilied as parasitic in man, 
of which perhaps the most dangerous are Filaria medinensis, 
the three varieties of F sanguinis hominis; Dochtii i us (. A/ncylo - 
stomum) duodenalis, and Trichina spiralis . The Ascaridae, uh 
Ascaris lumbricoides and Oxyuris vermicular is, though painful, 
seldom cause death. 

The enormous number of parasites harboured by one host is 
shown by the fact mentioned in buckart’s Parasites of Man, that 
Xatlmsius 1 took from a single black stork 24 specimens of 
Filaria lahiata from tlic lungs, 16 Synyamus tnwhealis from the 
triichea, more than 100 & Spiroptera (data from the coats of the 
stomach, besides several hundred Trematodes belonging to several 
different species (see p. 63). Even this has ben surpassed in 
the case of a young horse, in whose l>ody Krause found 500 
Ascaris mcyalvccphala, 190 Oxyuris curvula, several millions of 
Strongylus tetracantlius, 214 Sclcrostomum armatum , 287 Filaria 
papillosa, m 69 Taenia perfoliata, and 6 Cysticcrcus forms. 

It is impossible het* to enter into a full description of the de- 
struction caused to domesticated animals and crops by the presence 
•of these parasites; full details h will be found in books dealing 

1 Arch. Naiurg. Jahrg . iii. Btl. i. 1837, p. 52 ; and van Beneden, Animal Para- 
sites, p. 91. International Sci. Series. 
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especially with this question, such us Neumann’s Parasites and 
Parasitic Diseases of Domesticated Animals . A couple of cases will 
show how important this matter is to the farmer. Crisp estimates 
that Sgngamus trachealis causes the death of half a million 
pullets in England every year, and Megniii states that in a single 
pheosantry 1200 victims died daily; again, the loss of one- 
third the crop of beetroot is hy no means uncommon when it 
is infested with Hetcrodcra schaektii. These, show the practical 
importance of what at first sight seem quite insignificant animals, 
and the. necessity for the minutest observation, for only when we 
are fully acquainted with all the details of the life-history of a 
parasite are we in a position to successfully combat it. 


Sub-Order II. Nematomorpha* 


Until the last few years it has been customary to regard the 
Gordiidae as a family of Nematodes. Although in external 
uppcurauce and life-history they closely resemble the memliers ol 
this group, yet recent research has shown so many important 
morphological differences between them and the Nematoda, that 



Fla. 82. — A water plant around which 
a female Gordius is twining und lay- 
ing eggs, at, Clump and string of 
eggs. (From von Liustow. 2 ) 

writhing round water-plants ; 1 
In shape they are like a piece 0 


must zoologists arc now agreed in 
placing them in a different sub- 
Order, the Nematoiiiorpha, a name 
first suggested by Vejdovsky. 1 

The Gordiidae comprise but 
two genera, Gordins and Neetu- 
nerna. The latter lias but one 
species, K agile Verr., and is 
marine ; the former, on the other 
hand, is exclusively fresh -water, 
and contains a very large number 
of species. Gordian worms are 
frequently to lie found in ditches, 
ponds, or large puddles, moving 
with an undulating motion 
through the water, or twining and 
hey arc scarcer in running water, 
f thin whip-cord, slightly tapering . 


1 F. Vejdovsky, ZcUschr. 1 oiss. Zool . Bd. xliii. 1886, p. 369 ; Zcitschr . wiss. Z 00 L 
Bd. xlix. 1888, p. 188. 3 Arch. mikr. Anat. Bd. xxxvii. 1891, p. 239. 
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at each end ; the male, however, is easily distinguished from the 
female by its forked tail (Fig. 89). Not unfrecpiently a con- 
siderable number are found inextricably tangled together into a 
knot, and the name of the genus refers to this fact. Where 
numbers have suddenly appeared in water hitherto free from them, 
legends have sprung up which attribute their presence to a rain 
of worms ; in reality they have come out of the bodies of Insects 
in which they are parasitic for the greater part of their life. 

The genus Gordius passes through three distinct stages, of 
which the first two are larval and parasitic ; the third is sexually 
mature and lives in water. The second larval stage closely 
resembles the adult, but the reproductive organs are not developed. 
The following account of the structure of this larval form mid 
of the adult is in the main taken from von Linstow. 1 

Thu whole body is covered with a well-developed two-layered 
cuticle, which in the adult is marked out into ureas, and bears 
numerous minute sensory bristles, which are. especially developed 
in the neigh bourhood of the cloaca of the. male, lleneulh this 
is a hypodermis which differs markedly from the sub-cuticle of 
Nematodes, inasmuch as 
it consists of a single 
layer of polygonal nucle- 
ated^ cells. Within this 
lies a single layer of 
longitudinal muscle-cells, 
which differ from the cor- 
responding layer of Nema- 
todes in having that 
part of their medulla 
which is not surrounded 
by the contractile por- 
tion directed outwards 
towards the hypodermis, 
and not inwards towards 
the body-cavity. 

The body is in the 
younger stages practically solid, the interior being filled with 
clearly defined polygonal cells which are arranged in definite 
rows ; in later life certain splits arise in this tissue which suIk- 
1 Arch, mikr. Ana / . Bd. xxxiv. 1889, ]>. 248. 



Khi. 83 .— Tnuixrcrso section through a young male 
Gordius to/osuims Duj. (From von Linstow.) 
J liglily magnified, a, Cuticle ; A. liyiioderinis ; 
c, muscular layer ; d, parenchyma ; <?, alimentary 
canal ; /, nervous system ; <J% cells of the testis. 
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serve various functions ; between these splits strands of tissue are 
left which form mesenteries, and some of the cells remain lining 
the muscular layer (Fig. 8G). These cells have been described 
by Vejdovsky as a definite somatic, peritoneal epithelium, but 
this was not found by von Linstow. Besides forming the mesen- 
teries, and acting as packing between the various organs of the 
body, those cells also form the ova and the spermatozoa. 

The splits which have appeared when the' animal has reached 
the second larval stage, arc two dorsal and a ventral ; the latter 
contains the alimentary canal, and may be termed the l>ody-eavity, 
the former will develop the generative organs. The mouth is 
occluded in the older larvae, and in the adults there is a dis- 
tinct but solid oesophagus which passes into a tubular intestine. 
The intestine consists of a single layer of cells surrounding a 
lumen ; it runs straight to the hinder end of the body, where it 
o])ens in both sexes with the ducts of the reproductive organs. 

The nervous system consists of a well-defined circumoesophageal 

ring with two dorsal 
swellings, and, arising 
from this, a median ven- 
tral cord which runs the 
whole length of the 
body. The cord consists 
of three longitudinal 
strands with ganglionic 
cells below them ; the 
latter, though they lie . 
within the muscle layer, 
maintain a connexion 
with the liypoderinis. 

Behind, the nerve-curd ■*. 
Fig. 84.— Section through a young female Gordius . *, . 

tolomnus. ( From von Linstow.) n % Cuticle ; h % BplltS 111 tllC male, 0110 
liypoderinis ; c, muscular layer ; d, parenchyma ; half passing illtp each 

sac ; h, ovaTy. caudal fork. Ill the ■ 

adult a pair of black * 

eyes can be detected on the head; the only other sense organs 
are the tactile bristles mentioned above. ' Excretory organs are- 
unknown. 

The generative organs only attain maturity in the adult, which 
is, in fact, exclusively devoted to reproduction. No trace of testes.\ 
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. 85. — Section through a mature female 
(i Ivrt/ius tuhwmus. (From von Liustow.) 
Lettering as in Fig. 84 ; y, egg-sac ; A, ovary. 


is found in the larva, though the two dorsal splits from the walls 
of which the spermatozoa will arise are present. They are lined by 
a definite epithelium (Fig. 83), and this serves at once to distin- 
guish them from the body-cavity. Posteriorly the splits narrow 
■and become the two vasa deferentia which open one on each side 
into the -cloaca. The cells 
lining the lumen give rise to 
secondary cells, and these be- 
come spermatozoa, the process 
extending from behind for- 
wards. The external organs 
— bursa, etc. — described by 
Vejdovsky were not found 
by von Linstow. 

In the female larva two 
similar splits are present ; 
these form the egg-sacs. Pos- 
teriorly they end in two short 
oviducts which open into a 
uterus, in which fertilisation takes place, and in which the secre- 
tion’ arises which cements the eggs together. In the adult the 
ovaries and a receptaculum seminis are found, in addition to the 

organs present in the 
. Ummm m larva. The ovaries 

are formed from 
modifications of the 
packing tissue ; they 
begin close l>eliiud 
the head, and soou 
attain such dimen- 
sions as to compress 
the egg -sacs and 
body-cavity to small 

Flo. 86. — Section through ft female Gordius tolosanus slits. Alter a time 
when the deposition of ova is almost complete. «, A, c, J^tweeil the 

rf, 4 and /, as in Fig. 84; g % egg -sac ; A, ovary 

almost empty ; i, dorsal canal containing eggs ; j, re- ovary aild tlie egg- 
ceptacuium wmiub. . sacs becomes ab- 

sorbed, and the eggs grow into the latter. In the old females, 
where the egg sacs are empty, there is a considerable space round 
t"he exhausted ovary, into which eggs continue to fall off ; there 
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is also a median dorsal canal which contains a few eggs. By 
this time the wall between the ovary and the egg-sac has again 
appeared. 

One of the most interesting points about the female is that, 
according to Vejdovsky, the ovary is segmented, the cells which 
form the ova being heaped up in segmen tally-arranged masses. 
This observation, if correct, is almost the only instance of seg- 
mentation recorded in the group JTcinathelminthes. 

The only other genus which is associated with Gordins in 
the group Nematomorpha is Xcctoncma . , of which there is as yet 


Fin. 87. — Xcctnuema at pie 
ViTi-ill. A, The adult. 
Magnified. (After 
Fawkes.) B, 1/nigitmlinal 
section through the head, 
x iil wilt 20. (From 
Biirger.) r', Month ; h % 
c.irciimocso] iliagenl i-om - 
missuro (dorsal) ; r, cell 
of salivary gland ; d, 
septum cutting oft’ head 
from rest of Ixwly ; r, 
testis ; /, ventral eon! ; 
//, oesophageal cells ; /i, 
lumen of oesophagus ; i f 
eerehral ganglion (ven- 
tral). 


but one species known, Xcctoncma agile Yen 1 . 1 Our knowledge of 
the anatomy of this worm is due mainly to Biirgcr 2 and Ward. 3 
Xcctonema is a marine worm found swimming near the surface of 
the sea with rapid uudulatory motion. The males arc from 50 
to 200 mm. long, the females from 30 to 00 mm. The hodv is 
faintly ringed, and hears two rows of fine bristles on each side. 
Owing to a curious torsion of the body through a right angle, 
the lateral bristles of the anterior third seem to be placed in the 
ventral and dorsal middle line. They are very easily broken off. 
The body is divided into a small anterior and a large posterior 

1 A. E/Verrill, P. &. A Mi m. vol. ii. 1879, p. 105. 

2 O. Burger, Zool. Jnhrb. Anal. Bd. iv. 1891, p. 681. 

* H. B. Ward, Bull. Mus. Harvard , vol. xxiii. 1892-93, p. 135. 
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chamber by a transverse septum placed a little way behind the 
head. The anterior chamber contains the. brain and is lined by 
a definite epithelium, the posterior is not. The layers of the skin 
correspond with those of Nematodes or of Gordius, but the hypo- 
dermal cells show no cell outlines ; still they are. not so modified as 
in the former group. The hypodemiis is thickened in the median 
dorsal and ventral line, and the single nerve-cord lies in the. latter. 

The alimentary canal is degenerate, as in Gordin*. A mouth 
exists, but it is minute, and opens into a very fine tulie lined 
with chitin, which pierces through the substance of a single 
elongated cell. This minute oesophagus, with its coextensive cell, 
reaches buck to the transverse partition, but behind this a few 
cither cells become associated with it, and ultimately the lumen 
of the alimentary canal is surrounded hv four cells; but the 
number diminishes behind, and soon onlv two cells surround the 
tube at any one level, and the intestine dwindles away some little 
distance in front of the tail. There is no sign of an anus. A 
circumoesnphageal nerve-ring exists, of which the* ventral part is 
by far the larger (Fig. 87); it gives off’ a ventral nerve-cord, 
which swells posteriorly in the male into a large, anal ganglion, far 
bigger than the brain, and larger in the. male than in the female. 

The testes consist of a dorsally placed sac, continuous behind 
with a van deferens; this opens at the. posterior end, which is 
pointed and slightly curved ventrally. The ovary is unknown ; 
but females have been found with their body-cavity crammed 
with ova ; these escape, like the spermatozoa, from a genital pore 
at the posterior end of the body. 

Glassification. — The separation of the Xcmatomorplm from the 
Nematoda depends mainly on the character of the nervous system, 
the absence of the lateral lines and of the dorsal line, the character 
of the contents of the body-cavity, and the character of the reproduc- 
tive organs. In Gordiidue the Litter are always placed dorsal to 
the intestine, and ovaries and testes open alike at the hinder end of 
the body." The importance, of the differences in the. organs just 
enumerated has been considered sulHc.ic.nt to justify the removal of 
the Gordiidae from the Nematoda, and the establishment of the 
special sub-Ordcr Nematomorpha for their reception ; and although 
Nrxtomma lias a dorsal line, and is in some other respects 
intermediate between the two groups, there can be little doubt 
that it is more closely allied to Gordius than to any member 
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* of the Nematoda, and it must therefore lie placed with it in the 
Nematomorpha. 

- On the other hand, it ought to be mentioned that Camerano 1 
found that the chief details of the fertilisation and development 
of the egg in Gordius closely conform with what is known of the 
same processes in Nematodes, and he is of opinion that these 
resemblances are sufficiently important to justify the retention of 
the group among the Nematoda. 

Life-History. — The life-history of Gordius comprises four 
stages — the early development of the egg, the first larval form, 
the second larval form, and the sexually mature form. Both 
larval forms are parasitic, and during their life they are actively 
engaged in feeding ; the free form, on the other hand, takes in no 
nourishment, and is exclusively engaged in reproduction. 

Von Liustow 2 gives the following account of the life-history 
of G. tolosanus , a form which has been more 
fully worked out than any other. In the 
month of April numerous specimens of the 
lieetle IHerostirhus niycr were found float- 
ing on the surface of the ditches and 
small ponds in .the fields surrounding 
Gottingen. Some were found dead or dying ; 
others appeared quite healthy, and these 
were swimming actively, endeavouring to 
reach land. Within the abdomen of these 
beetles, in about 20 per cent of those 
collected, the second larval form of the G. 
tolosanus was found. The longest larvae 
■ Fig. 88. — Abdomen of pfrm- were 122 mm. in length, and very soft, 
S remXi to P"tly snow- white and partly brown in 
the florrfi us larva withiu. colour; traces of the boring ux>paratus of 
(From^von Unstow!)* **'" the first larval form were' still to he seen, 
hut in other respects the larva only 
differed from the free form in the immaturity of its sexual organs. 
Besides the parasite hardly anything w t os to be found in the 
abdomen of the beetle, the larva huving eaten up all trace of the 
fat body and the generative organs of its host. The larvae bored 
their way out of the body of the beetle and became adult animals. 
It is rather difficult to say what brings these essentially 

1 Item. Act. Torino, 2nd wr.voLxL 1890, p.1., * Centrlb. BaJcter.Bd. jx. 1891, p. 760. 
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terrestrial beetjjps to the water, hut von Linstow suggests that; as 
they live partly on snails, and at this time of year there are not 
many land-snails about, they may be in search of water-snails 
' such as Limnaea, They may also be sometimes blown into the 
water by wind storms, but, whatever the cause is, their pres- 
ence in water is essential for the continuance of the life of their 
parasites. 

Once free in the water the Gordins is soon sexually mature; 
the fertilisation takes place in April, and 
then the female may be seen twisting and 
writhing round the stems of -water- plants 
and laying the long 1 >eud-like strands of 
eggs (Fig. 82). The first deposition ob- 
served by von Linstow took place on 14th 
April, the last on 2nd August, and the 
period • of egg-laying for each female ex- 
tended over four weeks. At first the eggs 
are snow-white, but within twenty-four 
hours they turn brown in colour. Fin. 89. — 1 The tail ends 

The development of the first larva within 

the egg takes about a month. When it cvpvla, x 1-5. (From 
.. 4.1 i n -4. • -4. a/ip 0 . Mi'issucr. 1 ) 

emerges irom the egg-shell it is minute, ‘Obo 

nun. long, ringed anteriorly, and provided with a protrusible and 

retractile boring apparatus consisting of three chitinous rods; 

round the base of this piercing proboscis is a double crown of 

papillae, each bearing a spine (Fig. 90). 

This first larval form breaks through the egg-shell and sinks 
to the bottom of the water, where it moves about sluggishly and 
awaits the arrival of the right host in which to take up its 
abode. This host is the larva of the Alder-fly, ffialis lutaria Lin. 
(vide vol. v. p. 444), and into this it bores and conies to rest in 
' the muscles or the fat body. It does not form distinct capsules. 
It remains in this larva during the following winter, and 
in the spring passes over into the imago Sialis . The com- 
plete insect frequents the small plants growing along the water’s 
edge, and falls an easy prey to the predaceous beetle Pt. niyer. 
The larva is eaten, and undergoing a change becomes the second 
larval form mentioned above. It remains in the body of the 
beetle during the second winter, and finally returns to the wuter 



1 Zcitxkr . wise. Zooi. B<1. viL 1850, p. 1. 
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Km. 90. — Embryo or first larval 
form of Uonli ua toUmi n us taken 
from tlie ^ Highly ningni- 
fieil. tt ami b, Tin* bristle-hear- 
ing papillae on the heart ; r, 
the boring npjuiratus. (From 
vou Linstow.) 


ns tlic nilult some eighteen or twenty months aftgr it 1ms been 
hatched from the egg. 

From the above account of the life-history of Gordius it will 
1x3 seen that the chances of an egg reaching maturity are com- 
paratively small, and to compensate 
for this a very large number of eggs 
are laid. In addition to the risk of 
the larvae not finding the right host 
at tlie. right time, and of the first host 
not being eaten hv the second, and 
the. second not lieing drowned, there 
is the danger that the ditches and 
] Hinds in which the adults live may 
dry up, and, in fact, great numbers 
of worms perish by this taking place! 

The sox of tlie adults limy 1x3 told 
from their colour, the males being of a 
blackish brown, the females of a light 
clay brown; tlie former average 120 
mm. in length, the latter 170 mm. The males are also more 
numerous, the proportion being seven to three. Camera no 1 has 
drawn attention to the. fact that there, is a certain polymorphism 
in size, form, and colour which is especially common amongst the 
males; dwarf forms with mature reproductive organs exist, and 
lie is of opinion that these dillerenees depend both on the size of 
the second host and on the duration of the parasitic life. . 

In addition to the larva of Slalis lutarla , the first larval stage 
has also been found in the larva of Ephemera, Tanypus, Corefhra, 
and Chivonomus; the. second in CtmtbuH horteusis Fabr., Proeerus 
( CarabuH ) cor lace us Linn., Cal nth us fuse i pes (Joeze., Mol ops e/atus 
Fabr., several species of Pterostich us, and a number of other 
beetles. It is probable that its normal hosts rife K luhtria and 
PL nit fee, hut it is clear that it often comes to rest in other 
insects. The view that the (Jordiidue have no special hosts, but 
may either pass the. whole of their life-history within one and 
the same animal, or, on the other hand, may inhabit animals 
belonging to very different groups, is held by Villot, who has 
paid great attention to the subject. Hi! finds the first larval 
form encysted in the walls of the alimentary canal in fishes, such 
1 Zool. Am. vol. x. 1387, p. 602. 
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oh Leuciscus plwxinus , the minnow, Cobitis harbatula , the loach, 
and Pctrowyzon jdanm, the lamprey ; in the larvae of Dipteru, 
JSphemera , and beetles, in Phtnvrbis (a 
water snail), in IJnrhytmeus (ail Oligo- 
chact); the second larval form in all 
kinds of insects, spielers, Crustacea, 
fish, frogs, birds (Otis), and in man, 
and these various habitats lead him 
to the conclusion that “ Les (iordictis 
nYmt pas d’hdtcs spcciaux.” On the 
other hand, as von Linstow points out, 
it is contrary to our knowledge of 
parasites that a single species should 
develop equally well in the body of 
warm and cold-blooded Vertebrates and 
of Insects, and the explanation of the 
presence of the larvae in these various Fa*- 91- -- Tarsal joint of 1111 

1 •11111 Eiineiumtl liirvii inlo which 

forms may either be that they be- two larvue («./. Iiavu 

long to dilferent species of. QjmLj>us or; J; 11 Au^lnl’r ; MftKn,lu?ll ‘ iVom 
more probably, that they ueci- 

dentally present, having pissed into their hosts with drinking 
water. 

The- number of species of G urdiutt is large; over 100 are 
enumerated in the C(imj)rtnluutt. dcr Helminth oloi/ie* the great 
majority of which inhabit insects. 

The life-history of Kertom ma is practically unknown ; the. 
adults have been found swimming near the surface of the sea at 
two places only: Newport, II.I., and Wood’s Hull, Mass., on the. 
south coast of New England. It has liecn fished close to the 
shore, from the end of June to the. loginning of Octolier, when 
the tide is going out at evening and there is no moon. This 
seems to indicate that it avoids the light. When first caugljt 
the worms move actively about, coiling themselves into figures of 
eight and then uncoiling ; at the same time there is a rhythmical 
movement caused by waves of muscular contraction passing down 
each side of the body alternately ; by this kind of motion they 
make rapid and definite progress tlirough the wuter. 

It seems probable that the adult Xectoncma is preceded by one 
or more larval stages, and what appears to lie u young form has 
1 Von Linstow, Hannover, 1878, and Xachtrag, 1889. 
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been obtained from the thoracic cavity of a prawn, Paiaemomtes, 
which has thus some claim to be regarded as the host of this 
species, but nothing is known about its early life-history' 


Sub-Order III. Acanthocephala. 

The Acanthocephala, which form the third class of the Nema- 
thelminthes, consists of but few genera; there are, however, 
numerous species of very different size, varying from 10 to 65 
cm. long in the female Giyantwhy nch us (. Echinorhynclius ) yiyas, 
to quite minute forms a few millimetres in length. The adult 
stage occurs in the alimentary canal of Vertebrates, as a rulo 
in those which live in, or frequent water; the larvae are found 
in the bodies of certain Invertebrates, very frequently small 
Crustacea. 

Anatomy. — The bodyof themature forms cam usually be divided 
into three sections — the proboscis, the neck, 
and the trunk, but the middle legion is not 
always discernible. The proboscis is armed 
with rings he inks (Fig. 9.*t) arranged in 
longitudinal rows ; they art*, usually of two 
kinds, but in & jjtoUub of three. They have 
a certain specific value, but not much stress 
can be laid on the numl>er of rings, r.g. in 
K anguxtatus the number varies from eight 
Fl °of twenty-four. The recurved hooks serve to 

teas Wwitrumk, with fasten the parasite very firmly to the tissues 
ot ^ le boat.’ The prolfoseis is hollow and 
the intestine of a Piko. retractile ; it can be withdrawn into the 
^^ii^Lnnim.) a leUtU body by means of muscles attached inter- 
nally to its tip. It does not, however, pass 
^traight into the body-cavity, but is retracted into a special 
cavity — the proboscis; sheath — with a double muscular wall. 
The prolmscis sheath may perhaps l>e looked upon as a septum, 
such as is found in some of the Nemntomorpha, dividing the 
body-cavity into two parts. It is inserted into the body-wall 
ut the junction of the neck and trunk or of the proboscis and 
trunk. In addition to the muscles which withdraw the- pro- 
boscis into its sheath, there are two retractors running from the 
1 H. B. AVard, P. A men Ac, new aer. vol. xix. 1892, p. 260. 
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outside of the sheath to the body- wall ; these serve to retract the 
whole slieutli and its contents into the body-cavity of the trunk. 

The structure of the skin is essentially like that of Nematodes, 
but the details are much more complicated. The whole body is 
covered by a thin 
cuticle secreted by 
the epidermis, which* 
as in the other 
groups, breaks down 
and forms a syncyt- 
ium called the sub- 
cuticle. The minute 
fibrils which pene- 
trate this layer are 
much more definitely 
arranged than in 
Nematodes ; the 
largest of them run 

fl'OlLL without ill- Pa*. 93. — A, Five specimens of Jifhianrhjfuckmt ftcus Hud. 

attached to a piece of intestinal wall, x 4 ; B, the 
warns, others run proboscis of mu* Still more highly magnified. 

concentrically round* 

the Ixuly. Largo oval or spherical nuclei arc scattered in the 
sub-cuticle, which is further honeycombed by a number of lacunae 
or spaces which are described below. 

Within the sub-euticular layer is found a sheath o£ circularly- 
urrauged muscle-fibres, and within this again a sheath of longi- 
tudinal muscles which do not extend into the proboscis ; this 
inner Liver lilies the l>ody-cuvity, them being no epithelium 
within it. In their minute structure the muscle-cells resemble 
those of Nematodes. • 

The canals in the sub-cuticle form ft very curious system of 
anastomosing spaces, in which a clear fluid containing fat globules^ 
circuhites. The extent to which the system is developed varies 
in different species, but in all them is a pair of longitudinal 
canals which urn situated laterally, and which give off the sub- 
sidiary channels in their course. The alx>ve description applies 
to the lacunar spaces in the skin of the trunk ; those of the pro- 
boscis are quite distinct, and them is no communication lietween 
the two sets of spaces ; in fact, the sub-cuticle in which the lacunae 
are formed is not continuous across the line of junction of the 
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proboscis and the neck, or, when the latter is absent, of the pro- v 
lwscis and the trunk, but it is interrupted by the ingrowth of a 
thin ring of cuticle which reaches down to the muscular layers 
(Fig. 94). All the spaces in the skin of the proboscis open ulti- 
mately into a circular canal situated round its base; on each side 
the canal opens into a stic-like structure which extends through 
the body-cavity towards the posterior end of the aniniuL These 
two lateral diverticula are termed the lemnisci. They have 



Frc. 94. — A longitudinal 
section through the (in- 
terior end of Echinorhyn - 
chus hnentca Hud. ( From 
Haniiuiu.) a, The prolws- 
cis not fully expanded ; 
K proboscis - sheath ; r t 
retractor muscles of the 
prol>o*ciK ; cerebral 

ganglion ; r, retinaculum . 
enclosing a nerve ; J\ one 
of the retractors of the 
sheath ; //, a lemniscus ; 
/<• one of the spaces in 
tlm siib-cuticular tissue ; 
/, longitudinal muscular 
layer ; j\ circular mus- 
cular layer ; /*, line of 
division between the sub- 
cuticular tissue of the 
trunk and that of the pro- 
boscis with the lemuisci. 


always attracted considerable attention from the workers at the 
gum]), and numerous functions have from time to time been 
attributed to them. They are more or less hollow, and their 
walls consist of sub-cuticulnr tissue surrounded with a scanty 
muscular coat ; they Contain the same fluid as the lacunae of the 
skin of the proboscis, with which they are placed in communi- 
cation by means of the circular canal ; and it seems most prob- 
able that, as Haiuann 1 suggests, they act as reservoirs into 
which the lucunar fluid retires when the proboscis is retracted, 
1 Jen. Zcilxkr. Bd. xxy. 189} y p. 113. . 
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and which, by means of the contractions of their muscular coat, 
force the fluid into the lacunae when the proboscis 'is everted, 
and thus uid ill its protrusion. 

The parasitic habits of Echinorliy fichus have, had a deeper 
influence on the structure of the body than is the case with the 
Nemutoda. All traces of an alimentary canal have disappeared, 
and the animals live entirely by the imbibition through the skin 
of the already elaborated fluids of their hosts. .The power of 
absorbing fluids is shown by the fact that they swell up and 
become tense when placed in fresh water. 

Until recently no definite excretory organs had 1>coii recognised, 
and the function of excreting the nitrogenous matter was by 
some assigned to the lemnisci. 

In 18911 Kaiser 1 descrilied 
in (1. tfif/as two organs 
which lie called nephridiu, 
placed dorsally to the ducts 
of tiie male and female 
rcproducti ve organs. Each 
nepliridium, wliieii somewhat 
resembles a cauliflower, con- 
sists of a stalk or duct, 
opening at one end into 
the reproductive ducts, and 
at the other branching 
and breaking up into a 
number of secondary and 
tertiary twigs. The end of each twig is closed by a mem- 
brane pierced with a liumlier of most minute pores, by 
moons of which it communicates with the liody-cavity ; on 
the inner side the membrane lieurs a number of long c.iliu, 
which keep up an active flickering. The presence of these cilia 
is interesting, as elsewhere they are unknown throughout the 
N cmathelmiiithes. 

The iiervous system consists of a central ganglion situated in 
the proboscis sheath; it is oval and flattened in shni>c. The 
ganglion gives off nerves to the proboscis, and two main trunks 
which pierce the proboscis-sheath and run backward surrounded 
by a cluster of muscle -fibres, the whole being termed the 
1 Bibl. Zool. Bd. it Heft 7, 1393. 
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Flo. 9a.— A. A longitudinal section through 
the terminal twigs of the iiepliridiuni of 
IJiijantnrh ynchua t/iijttx (From «J. E. Kaiser.) 
Highly magnified, ir, Nucleus. B, A ter* 
initial twig more highly uingnillud ; 6, the 
porous membrane. 
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retinaculum ; in the male they are in connexion with a special 
genital ganglion which lies near the ductus ejaculatorius. 

With the exception of certain 
sensory papillae in the neighbour- 
hood of the male genital orifice, and 
of three similar papillae mentioned 
by Kaiser on the proboscis, the 
Acanthoccphalu are devoid of sense 
organs. 

The Acnntlioccphala are dioecions ; 
their generative organs are developed 
in connexion with the Ivjaiiimt, 
a cord-like structure which arises 
between the inner and outer layer 
of the hinder end of the proboscis 
sheath and traverses the body-cavity, 
ending posteriorly in connexion with 
the genital ducts. The testes lie 
in this ligament ; they are paired 
oval bodies which open each into a 
vas deferens. The vasa deferentia 
each bear three lateral diverticula, 
the vesiculae seiniiialcs ; a and three 
pairs uf cement glands pour their 
secretion into a duct which opens 
into the vasa deferentia ; the latter 
unite and open by a jjenis which 
is withdrawn into a genital bursa, 
1,ut is of being extruded. 

Zed. (From llnuiuini.) «, Probo- The two ovaries are formed in 

or tlio ten,, a. in « cor- 
gftiiRiion ; retractors jf the responding position to that occupied 

V the ^ Htos iu the male, but at an 

sjmce iii sub-ciiticiiiar layer of i* {l rly stage they break down into 
the skill ; l, ligament; »«, m, ' * ® „ « , . , ,, « 

testes ; o, glands on vas deferens ; packets of Cells, of which those of 

p % giant nucleus in skin ; r/ f open- the peripheral layer develop into ova 

* at tlie cost of the central cells, which . 

serve them as .a food supply. As these masses grow and 

increase in number they rupture the walls of the ligament, and , 

escape into the body-cavity, iu which they float The ova are 
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fertilised whilst flouting in the. fluid of the body-cavity. The 


eggs segment uml the embryo is formed 
whilst still in the body of the mother. 

The embryos escape by means of a 
complicated apparatus the details of 
which vary in the different species, but 
which, like many of the organs in these 
animals, consists of very few cells with 
very large nuclei. This apparatus con- 
sists of three parts: the boll, the uterus, 
and the oviduct. The bell is a large 

funnel -shaped structure, which opens 
into the body-envitv, and is connected 
with Iheend of the ligament; near its 
lower end, where it is continuous with 
the. uterus, is a second smaller opening 
situated dnrsallv. Bv the contraction 

i v 

and expansion of its lips the oval embryos 
are. swallowed and puss 011 through the 
uterus to the oviduct, which opens at the 
posterior end of the body. If the lndl 
takes in any of the less mature eggs 
which are spherical ill shape, they am 
pissed bark into the lmdy-cavily through 
the al»o vc-mentioned dorsal opening, and 
the s«imc orifice, permits the pussuge. of 
the spermatozoa even when the bell is 
full of embryos. 

Embryology. — After fertilisation the. 
egg surrounds itself with several egg- 
shells, three of which are usually dis- 
tinguished ; the embryo is already far 
advanced in its development by the 
time it leaves the body of the mother 
and passes out into the alimentary canal 
of the Vertebrate host. It leaves the 
body of this second host with the faeces, 
and is eaten by the first or larval host, 



Fa . fl". — All egg of Kchino- 
vhynch hx own Rutl. Mir- 
rmuuled by three egg-shells. 
Highly niugnilied. The 
egg linn segmented, and the 
cells are differentiated into 
c(, the entoblast, nud A, the 
ectoblust : f, spines. (From 
llainaiiii.) 


usually a small Crustacean or water-insect,* but in some cases a 
fish, within whose alimentary canal it casts its membranes and 
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become actively mobile. By means of a ring of hooks developed 
round the anterior end it boms its way through the wall of the 
alimentary canal, and after some time — three weeks in & proteus 
— comes to rest in the body-cavity of its host. By this time 
most of the organs of the adult, with the exception of the repro- 
ductive glands, are already well established ; the latter only attain 
maturity when the first host is eaten by the second, and the 
larvae find themselves in the intestine of a Vertebrate. 


Fie. 98. — A, A larval 
Echimrrhy licit us jrrnfcus 
Wefltrumt). further dc- 
y«1o]hh 1 than in Fig. 97. 
Highly magnified. The 
entnlilast lias developed 
inside it the prolxjscis a ; 
ft, ft f the giant nuclei ol' 
the ectohlnst. B, The 
eiitoblast at a more ad- 
vanced stage, the ccto- 
lilost is not shown. The 
outermost layer ol 1 cells 
d will form the. muscles 
of the body -wall; the 
body - cavity lius up- 
IMMircd ; ti, proboscis ; 
ft, cerebral ganglion ; r. 
Indy-cavity ; d, d y the 
testes beginning to ap- 
pear in the ligament ; 

<\ cells which will form 
t-he generative ducts. 

Sonus of this details of the development arcs very remarkable, 
and a short account of them may he given. The segmentation 
of this egg is unequal ; it results in the formation of a central 
biscuit-shaped mass of small cells and a peripheral mass of larger 
cells; the former is called by Hainann 1 the eiitoblast, the latter 
the ectohlasl. From the eiitoblast arise all the organs of the 
body hut the. sub-cuticle and the associated lemnisci, which uru 
formed from tins eetohlast. The latter has a remarkable history; 
the cells begin to break down and loses their outlines, whilst their 
nuclei fuses together and form a small number of giant nuclei, 
which lie scattered throughout the syncytium thus formed. The 
syncytium surrounds the cutohlust on all sides; by tbif* time 
the anteriorly-placed hooks have appeared ; in K proteua there 
1 Jen. Zcitschr. lid. xxv. 1891, p. 113. 
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are ten of these, hut the number is not the same in all Hpecies. 
The syncytium is in a fluid state, with a few gigantic. nuclei 
floating in it ; these now lose their spherical shape, and throwing 
out processes become amoe- 
boid ; in this way they bud 
off small portions of their 
substance., and from these 
tin 1 oval nuclei of tint sub- 
cuticle. and the lemnisci 
arise. The rest of the syn- 
cytium hardens into the 
flbrillar matrix of the 
mil. -cuticle, leaving, W- rm. W.-A. The larva of 

° from tin* Unly-i-ii\lty of Iimj'uuiH /urns, with 

ever, scattered spaces which the iirnWiM ii*tructe.l ami till* wlmlrt Still 
fiil’lll the sill. - 1-llticulur B, A w-rlloii tlironidi 

sillUS(»H of the adult. An inulmwis -sheath : #■, la-Kmiiiiitf of tin* ni'ik : 
inli'ivHting lentil i n of -V. 1,w " y ^ ,th fr,,n; 

clnrttrrrps and Ai'ln/nrlm* 

linnitjnttthi is that the shin of the adult retains the. larva] 
features, and it and the leiiinisri consist of a syncytium with li- 
very few giant nuclei scattered through it. Humana counted 
only eight in the skin and two in each lemniscus in the example 
figured on p. 178. 

The whole of the rest of the body is formed by the entohlast. 
"Within the latter a circular split arises which separates a single 
layer of outermost cells from an axial strand of many cells (Kig. 
OS, IV). The split is the future body-cavity ; the axial strand 
forms the proboscis, its sheatlr, the ccivbrul ganglion, muscles, etc., 
and the ligament with the. contained generative organs ; the 
outermost layer of cells forms the muscular lining to the skin. 
It is interesting to note that these cells destined to liccnmo 
muscle-fibres arc at first arranged as a single layer of cubical 
epithelial cells lining the body -cavity; most of them become 
circular muscle-fibres, but a few are pushed inwards so as to 
lie next the body-cavity, and these laconic the longitudinal 
fibres. 

Glassification. — Until recently the Acanthocoplmla were 
supposed to include hut one genus, Evh i nnrhynrh us, with several 
hundred species, but Hamann 1 has pointed out that these species 

1 Zool. Am. Bd. xv. 1892, p. 195. 
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present differences which enabled him to divide the group into* 
three families, each with a corresponding genus To these I 
have ventured to add a fourtli family, to include a remarkable 
species, Arhymhus hr.miyn/ithi, described below. The char- 
acters of tlie first three families in the account given below are 
taken, from Hamann’s paper. 

Family I. Echinorhynchidae. — The body is elongated and 
smooth. The proboscis-slieath lias a double wall, and the pro- 
boscis is invaginated into it. The 
central nerve-ganglion lies in the 
middle line, as a rule on the pofl- 
h’Mn jn\ tenor blind end of the proboscis- 

Wsk JJj slieath. Tlie papillae which bear the 

jBtarf hooks are only covered with a chitin- 

mis c ‘ ll l ) a]>ex, and the hooks 

Pga have a process below. This family 

is by far the. largest; a few species 
only can he mentioned. JKr.hinorhyn - 
eAiw proh'iw lives in its mature form 
in fishes ; the. young forms, up to a 
centimetre, in length, are found living 
freely in the intestine of numerous 
fresh-water fishes. Those, found in 
v&lts vgBB (lobio Jftmafi/U , the gudgeon ; Lni- 

riartts rin/o; Inta vitlyttrix, the burbot 
or eel-pout ; young trout ; Thy mull n$ 

fta. 100. — Fully formal larvo ol tll« gmyling, HliqiUU 

EchiuorhynchuH protcus from this size., but those found Arerina 

^lighiy the po])H fish; in Ahramis 

■limpiiliod. n, lVoiionois : /., hitwnctatus ; ill Jixox l nr i us, tlio liiko, 
lmllii ; neck ; </, trunk ; r, , . . . . , , . . 

c, luiiinisci. mul m older trout, attain or &uri>ass 

double the length. As the parasites 
grow older they bury their proboscis and neck in the. wall of the 
intestine, the inner surface of which is studded with the orange- 
coloured bodies of the parasites. The prolioscis is so deeply . 
sunk in the wall of tlie alimentary canul as to form a papilla ,■ 
on its outer surface (Fig. 92). The larvae of & jvroteus are 
found in the body-cavity of Gammurus pvlrx, one of the Amplii- 
pod Crustacea, and also in the sumo position in numerous fresh- 
water fishes ; they must have passed into this first host by the 
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mouth and alimentary canal. If the liver of ail infested minnow, 
Lentiscv* phoxinus, be examined, it will be found to contain on 
its surface numerous spherical or egg-shaped capsules of an orange 
colour, 2 to 2‘5 mm. in length; these contain the larval forms of the 
parasite. They develop into the adult form when the first host 
is eaten by a carnivorous fish, but a complication may take place 
when the larval form is found in Gam manta, as the latter, the first 
host, may 1 m eaten by a fish (intermediate host) in which the 
larva does not become mature, and only develops sexual organs 
when eaten by a carnivorous fish (second host). The larval form 
is also found in Ncmacb ilus barbatulus , (Jobio Jluviatilis, and the 
sticklebacks Gasterostcus acu Indus and G. pungitius . 

E. clavnla I)uj. is found in Salmo fario, Abramis brain a, 
Cyprinus carpio , Gob ins mgn\ Lcpadogastcr gouanii , etc.; E 
Hnstovn Ham. in Lruciscvs idu* % Abramis ballerus , Abramis 
hipunrtatus, and Acipniscr huso; E lutzii Ham. was found by 
]>r. Lutz in Brazil in the. intestine of Eu/o agua.; E. angustatus 
Hud. occurs in such numbers in the perch, Perea Jluviatilis , 
as to almost occlude the lumen of the intestine, and one out of 
every three, or four fish in certain districts is infested by it. It 
is also found in the pike, Esox l wins , and the burl aJ, Eurbu s 
rulgaris. The first or larval host of this sj>ecies is the. Isopod 
Asrflus aquatic us. E. moniliformis Brews, is Htutcd to attain 
maturity in the human intestine. Except for the. fact that G . 
gigas has once been observed in the. same place, this is the only 
human parasite amongst the Aeanthoccphala. Its normal second 
hosts arc Mu* decuman us and My ox us qvcrcAnus , and its first or. 
larval host, the. larvae of the beetle Elays mucronala. E. 
•porrigc.ns Hud. is found in considerable numbers iu the small 
intestine of a fin-whale ( Ealae.noptera sibbaldii), and E. struwosus 
Bud., in the small intestine of a seal (Eh oca vilulinn), and in 
the body-cavity of the angler fish ( Lophius piscatorius ). E. aevs 
is common in the whiting, Gadus mcrlangvs . 

Family IL Gigantorhynchidae. — J-urge. forms with ringed, 
flattened, ami TaeniaAWie Indies. The hook-papillae are covered 
all over with transparent chit hums sheaths with two root-like 
processes. The proboscis -sheath is musculur and without a 
lumen. The central nervous system is exceutrically placed below 
the middle of the so-called sheath. The lemnisci are long twisted 
tubes with a central canaL 
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Hamaiin places three species in this family : Gigantorhynehns 
echinodiscus , G. spira, and G. taenioides ; but as he points out 
that E. giga s resembles these in its more important structural 
features, it seems advisable to include it here under the name 
G. glgaa. The members of the first family often present a trans- 
versely ringed appearance after death, but the Gigantorliyiichidae 
are ringed when alive, and the circular cqjials in the skiu show 
a certain regularity, being arranged one between each two rings. 
There is no lumen in the proboscis-sheath, which is not attached 
to the boundary l>etween the proboscis and the trunk, but to the 
inner surface of the proboscis, and the whole can be retracted 
within the anterior portion of the body, which is invaginnble. 
There are always eight cement-glands, and other differences exist 
in the musculature, hooks, and position of the nervous system. 

G. gigus occurs in the adidt state in the small intestine 
of swine; in Europe its first or larval host is believed to be the 
grubs of Mvlnlontha vulgar in and Cetoniu tin rata, but these beetles 
are absent from America, though the parasite infests American 
hogs. Stiles 1 has recently made some experiments which tend 
to show that in the United States the source of infection is some 
sjKjcies of the beetle Laeknosterua, and lie has succeeded in in- 
fecting the grub of L. arcvat.a by feeding it on the. eggs of the 
parasite; from one larva he took 1100 parasites six weeks after 
feeding it. L. arcuata is, like M. vulgaris, phytophagous, hut 
the grubs of both the beetles arc fond of frequenting manure 
heaps and patches of dung, and thus are much exposed to the 
■dangers of infection. 

G. echinodiscus inhabits the intestine, of ant-eaters, having 
been found in Myrmecoplutga jubata and Cyclot tints didactylus. 
G. s/nra lives in the king vulture Sarcorhampus papa, and G. 
taenioides in Dkholophus cristatus, a species of Cariumu. 

Family III. Neorhynchidae. — Sexual maturity is reached in 
the larval stage. The proboscis-sheath has a single wall. A 
few giant nuclei only ure found in the sub-cuticle and in the 
lemnisci. The circular muscle layer is very simply developed. 
The longitudinul muscle-cells are only present in certain places. 

This family includes two species, Neorhynehus clavaeceps and 
E agilis , which afford interesting examples of paedogenesis. 
The sub-cuticle and the lemnisci are dominated by a few giant 
1 Zod. Anz. yoI. xy. 1892, p. 52. 
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nuclei, which remain in the embryonic state and do not break 
up into numerous nuclei as in other forms. The musculature is 
but little developed and the longitudinal sheath hardly exists. The 
proboscis-sheath consists of a simple muscular layer, and the short 
proboscis has few hooks and presents an embryonic appearance. 

The sexually-inature form lives in the carp, Cyprinus carjrio ; 
the larval form is found, according to Villot, 1 encysted in the 
fat bodies of the larva of Si a! is lutaria , one of the Neuroptern, 
and in the alimentary canal of the leech Nephelis octocula, and 
successful experiments have been made in infecting some s]>ecie8 
of the water snail Limmim. N. ay ills occurs in May if aaratus 
and M. cephalus . 

Family IV. Arhynchidae. — Short forms with the body 
divided into three well-marked regions — head, collar, and trunk. 
The head is pitted, the collar smooth, and the trunk wrinkled, 
not annulutcd, in spirit specimens. There, is no cvcrsihle intro- 
vert, and no introvert sheath and no hooks. Tint sub-cuticle 
and the loin nisei have, a few giant nuclei, and the lcmnisci are 
long and coiled. 3 

This family resembles tin.* ( i igantorhy ncliidue in the length 
and curvature of its lcmnisci, and the Neorhynchidae in the 
Insistence of the embryonic condition of the nuclei in the sub- 
cuticle and the lemnisci ; but in t he shape of the body, its 
division into three well-marked regions, the absence of cversiblo 
proboscis, proboscis sheath, and hooks it stands alone, though it is 
nearer to the Neorhynchidae than to either of the other families. 

The single species Arhynchns hemiynatki was found attached 
.to the skin around the anus of a Sandwich Island bird, JItvmi - 
ymitlins proceros. The bird is a member of a family DrcjMini- 
didae, which is entirely confined to the Sandwich Island group. 
Professor Newton tells me that it is probable that the “ food of 
Hemiynathm consists entirely of insects which it finds in or 
under the bark of trees,” hence it is probable that the second 
host of this parasite, if such exists, must be looked ibr amongst 
the Insecta. 

1 Ahz. vul. viii. 1885, p. 19. 
a Shipley, (J'fnrt. J. Mice. AW. vol. xxxix. 1891*. 
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At certain seasons and at certain times of the day the naturalist 
who is investigatin'' the fauna of tint surface of the sea is apt to 
find his tow-net crammed with jnnumcrahlc trans- 
parent spindle-shaped animals, which by their 
numlier and the way in which they become 
entangled with rarer objects, often render useless 
the result of his labours. These animals licking 
to the class Chactognatha, which includes three 
genera, StujiUa, Spodelln, and Krohnw. Amongst 
them are divided about twenty species, some of 
which, however, are of doubtful value. 

Anatomy. — The Is sly of these animals is ns 
transparent as crystal ; it is elongated, and bum’s 
a resemblance to certain torpedos, except that the 
head forms a somewhat blunt termination to the 
spindle-shaped laxly. The tail lieurs a caudal 
tin, and Spitilella and Krolinia have a single pair, 
and Sagilta two pairs, of lateral fins ; all of which 
Fib. 101 . nr® flattened horizontally. 

hipHHtutta. «, The body is externally divisible into three 

V Kill 1 n In HP 1111* ^ * 

ualiH. x 4. regions — head, truuk, and tail — and these corre- 
(An« liert- 8 po m i with the arrangement of the internal 
organs. 

The head is surrounded by a fold of skin, forming a hood. 
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which is most prominent at the sides (Fig. 102, g)\ within 
the hood the head licars from two to lour rows of short 
spines, and outside these a right and left row of sickle-shaped 
hooks, the free ends of which in a state; of rest converge, round 
the mouth, but when disturbed these; hooks can In; widely 
divaricated. 

The cavity of the body, or coelom, is divided into three dis 
tinct chambers by the presence of two thin transverse walls or 
septa, oms situated between the head and the trunk, the other 
between the trunk and the tail (Figs. 104, 10o). T 11 the head, 

this cavity is much reduced by the presence of special muscles 
which move the spines, hooks, etc. ; and in the small species, such 
as Spadclla crphaloptera, the other two cavities are almost entirely 
occupied by the digestive and reproductive organs 1 ; but in the 
large species, e.g. fbujitta hwaptmt, a considerable space is left 
between the internal organs and the skin, and this is occupied by 
a coelomic fluid. If the; skin of one. of these; larger species bo 
punctured the fluid escajH'S and tin; animal shrivels up. A 
longitudinal partition or mesentery, with numerous pores in it, 
runs through these spaces, dividing the body-cavity into a 
right and left half; in the region of the trunk this mesentery 
supports tlu; alimentary canal. 

In addition to certain muscles in the head, which move; the 
hooks, etc., tlieiv is a muscular lining to the body-wall. This is 
divided into two dorsal and two ventral liands, much in the same 
way as in Nematodes. The muscle fibres an; striated. 

The mouth, situated either terminally — SpmlrJ/tr minimi 3 — 
or below the head, leads into a pharynx ; this passes into an intes- 
tine. lined by a single layer of ciliated cells with a few glandular 
ones intermingled. The intestine runs straight through the 
body without loop or coil, and opens by uu anus situated at tin; 
junction of the trunk and tin; tail. In most cases the anus is 
ventral or on the lower surface, but Gourret asserts that in Kpudrila 
marioni it is on the upper surface. 

There are no special respiratory, excretory, or circulatory 
organs, unless a glandular structure described by Gourret in the 
head of Spadella marioni be a real kidney. 

The nervous system consists of a supni-oesoplmgeal ganglion 

1 O. Hertwig, Jen. Zcitschr. Bel. xiv. 1880, p. 100. 

9 P. Gourret, Ann. Mux . Marseille , tom. ii. Mem. 2, 1884, p. 103. 
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or brain situated in the head, and of a ventral ganglion lying 
in the trunk; both these nerve centres arc embedded in the 
epidermis, and are connected with one another by means of two 
stout peri -oesophageal nerves (Figs. 102, 104). The brain 
also gives off a pair of nerves to the eyes, another piir to the 
olfactory organ, und a pair which ultimately meet one another 

and so form a ring ; on this are 
certain ganglia giving off nerves which 
supply the muscles of the head. !Both 
the chief ganglia give off numerous 
nerves, which divide and split up into 
a network of fibres which permeate 
the whole skin. 

The sense organs are comparatively 
simple. A pair of very small eyes lie- 
in the skin of the head; they are of 
complex structure, and to some, extent 
remind one of the simple eyes of 
certain (Jr us tacos. lichiiid the eyes 
and also on the upper surface of the 
animal is an unpaired organ which is 
usually described as olfactory in func- 
tion (Figs. 10.*», 100). This is a 
ring-shaped modi Heat ion of the. epi- 
dermis drawn out into different shapes 
in the various species. The modified 
epidermal cells bear long cilia. The 
remaining sensory organs found in the 
group consist of clumps of modified 
cells scattered in round groups over 
the surface of the body and of the fins. 
The central cells of each group liear long tactile hairs, and are 
Biirrounded by supporting cells. 

The Chaetognntha are hermaphrodite, and carry the female 
organs in the trunk, the male in the tail. In a mature specimen 
the two ovaries occupy almost all the space in the trunk 
lietwoen the alimentary canal and the skin, and each is supported 
by a narrow lateral mesentery. The ovary is traversed by a 
oviduct which often contains spermatozoa ; it is not clear how 
the eggs make their way into the oviduct, which seeins to have 


l 

b 

t 



!Fus. 102. — Head of Snyittn bipuvr- 
iatn . A, Dorsal view ; B, ven- 
tral view. xulioiiL33. (From 
Her twig.) A, ft, spines; b, 
nerves to lateral cephalic. gan- 
glia ; r, hooks ; <1, cephalic 
ganglion ; r, olfactory nerve ;/, 
optic nerve ; y, hood ; /i, com- 
missure to ventral ganglion ; 
j, olfactory organ : B, a 
mid y as in A ; k, mouth. 




VI 


DEVELOPMENT AND HABITS 


189 


no internal opening and to act largely os a receptaciilum 
setninis. The oviducts open externally on the. upper side at the 
• base of the lateral Jin, close to the junction of the tail and the 
trunk. 


The cavity of the tail is divided into two lateral cluimlicrs by 
the extension backward of the median vertical mesentery. In 
each of these a testis and a vas deferens are found. The testes 


are. solid ridges formed by the growth of the. 
lining cells of tin's part of the body-cavity ; 
the cells mature into sjieriiiutozoa, which 
break off and float freely in thecoelomie fluid. 
At the breeding season the whole tail may 
be crowded witli masses of spermatozoa, which 
are kept in a more or less regular circulation 
by the ciliated cells lining the. body-wall. 
The vas deferens opens internally into the 
space where the. spermatozoa lie, and at. the 
other end into a vesieula seminis, which 
opens to the exterior. The position of the 
latter structure varies, and is of some syste- 
matic value. 

The eggs are laid in the water and as a 
rule float at the, surface, of the sea. tfpttdrlla 
vephaloptera is, however, an exception to this 
rule, as it attaches its eggs by means of a 
gelatinous stalk to sea- weeds. The segmen- 
tation of the ovum is regular, and gives rise 
to a two-lavered stage or ya&truln , which 
opens by a pore, the blastopore This does 
not, however, become the mouth, but close's 
up and the mouth arises at the opposite, 
pole. Perhaps the most interesting feature 
of the development of Hayitta is that the. 
cells destined to form the reproductive 
organs sejairate from the other cells of the 
embryo at a very early date, whilst it is 
still in the gastrula stage. There is no 



Fia. 103. — Njttulv.lfa ccjtha- 
loptera. Dorsal view, 
x .‘JO. (From Hurt wig.) 
a, Cephalic ganglion ; 
/>, commissure to vtuitral 
ganglion ; r, olfactory 
organ ; d % Alimentary 
canal ; #■, ovary ; /, ovi- 
duct ; <y, testis ; h % vesi- 
cula seminalis. 


larval form, but the young hatch out from the egg in u stale 


resembling the adult in all resjjeetH but that of size. 

Bahltai — The Ohaetoguatliu are essentially pelagic, and re- 
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seinble many other creatures that dwell at the surface of the 
ocean in being almost completely transparent. Most species have 
lieen taken far out at sea, hut some art; perhaps rather more’ 
numerous near the coast, and one species, Spadella ecphaloptcra , 
is littoral. They swim by means of muscular movements of the 
whole body; the fins huve no movement of their own, and seem 
to servo as Ixilancers, and not as locomotory organs. Although 
usually found at the surface of the water, many species have lieen 
taken at considerable depths. Chun 1 state's that Ihey are found 
in countless numbers at depths of from 100 metres to 1300 
metres. The commonest species at these depths are Sayitta 
hexaptera and Sayitta srrratodcntata. * Sayitta hi punctata, accord- 
ing to the same authority, confines itself to the surface. Whether 
the change of depth is diurnal, or whether it has any relation to 
sexual maturity, or to any other cause, has not been satisfactorily 
determined. 

The food of the f.'haetognatlm consists of floating diatoms, 
Infusoria, small larvae, and such Oupepods as Cuhnivs jinmur- 
ckicus , and small Amphipods as Ph ox us plu monu*. 2 3 At times they 
also devour small larval or post-larval fishes, and owing to their 
incredible numlxTs, they doubtless do considerable damage to sea 
fisheries. It is also recorded that they eat one another, and 
specimens have been taken which have, ingested the whole body 
of another Say it to except the head, which hangs out of the 
mouth of the eater, and gives it the appearance of a double- 
headed monster. 8 It has lieen said that they attack hydroid- 
polyjies, but here at any rate they do not have it all their own 
way. Masterman 4 has figured the apical group of live polypes 
of Ohrl-ia, three of which are engaged in ingesting as many young 
Sayitta.. 

They exist in incredible numbers; (Irassi describes the surface 
of the sea at Messina on certain days as being literally covered 
with them, und they must form the food supply of numerous 
animals which prey upon the pdagic fauna. The immense 
numlxu 1 of individuals is probably accounted for to some extent 
by the fact that they lay eggs all the year round, and piss 

1 Mbl. Zool. vol. i. 1888-89, p. 1. 

<J Scott, A imafs of Scottish Xatnral History , 1892 and 1898. 

3 E. Blraneck, llcv. Zool. Suisse, vol. iii. 1895, p. 187. 

4 Ann. May. Nat. Hist. 6th ser. vol. xiii. 1894, p. 440. 
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through a very short and rapid development, 
known to be phosphorescent. 

Classification. — The features of the Clme- 
tognatha which have most systematic value 
are the size of the adult, the relations of the 
length to the breadth, and of the three cl i vi- 
sions to one another; the size, miml>er, and 
position of the lateral fins, and of the hooks 
and spines on the head ; the thickness of the 
epidermis, and the structure of the olfactory 
organ; and, finally, the form of the reproduc- 
tive organs. 

Strodtmann, 1 who gives the latest and most 
complete account of the species of (.'liaetn- 
gnatha, arranges them under three, genera. 
Which he characterises as follows: — 

(i.) Sayitta Slabber. — Two pairs of lateral 
fins, two rows of spines (in the* head. The 
lateral thickening of the epidermis absent or 
insignificant. 

Under this genus are included nine definite 
species and five others — X y rac'd is Verrill, 

*S f . d cyans Verrill, X. tlnrtrini (Jrassi, X. dip- 
tcra d’Orbigny, and X. fripfera. d’Orhigny — 
whose position, owing to the inadequacy of 
their description, is of doubtful validity. 

The. distribution of the other species may 
lie mentioned. X. hrraptcra is the hugest. 
Chaetognath known, and reaches in the adult 
stage a length of 7 cm. It is very widely ** 
distributed, lieing found in practically all the 
temperate and warm seas, usually at the sur- 
face of the water, though at times it is found 
at a depth of one metre, or even detqier. X. 
/ym, Mediterranean, very rurc. X. trirvspi- 
data , widely distributed. X mayna, Mediter- 
ranean and Madeiran, living at the surface. 

S. bipunctata , the most frequently described 
form, smaller than the preceding species, 1-2 


They are not 



104. Snyilta hnx - 
Ventral view, 
x 4 . (From llcrt- 
wig. } ##, Mouth ; 

A, hooks ; r, anterior 
septum ; tf, aliment- 
ary I'luinl ; e t lorn- 
miiuure from the 
brain to the ventral 
ganglion ; ./', ventral 
ganglion ; g, ovary ; 
/i, oviduct ; i, pos- 
terior Heptum ; j, 
testia ; k t veelcula 
aemiualiH. 


i Archiv Naturtj. 58 Jahrg. Bd. i. 1892, p. 283. 
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cm. in length, widely distributed, and as a rule living near 
the coast line. ft. scrratodentata , Mediterranean, ft. enflata , on 
the surface of the sea, Mediterranean and Madeiran. S. minima t 
a very small species, 1 cm. in length, Mediterranean, ft. faJcidcns, 
Atlantic, off the coast of New Jersey. 


(ii.) Krohnin Lungcrhuns. 



Fid. 105. — Spadflla draco. Dorsal view, 
x 12. (From Hertwig.) a. Cephalic 
ganglion ; A, coinmiHHure between the 
cephalic ganglion and the ventral ; c, 
eye ; </, olfactory organ ; c, aliment* 
ary canal ; ovary ; </, oviduct (the 
line goes a little toyoiul the duct) ; h , 
testis ; J § vesiculu seminal is. 


-A single lateral fin extending on 
to both trunk and tail segment, 
no lateral cpidermul extensions 
behind the head, only one row of 
spines on the head. Trunk longer 
than the tail. 

Krohnia has hut two species : 
K. hamata Mohius, with a length 
of 3-4 cm., found in the North 
Atlantic and at considerable 
depths, 200 to 300 fathoms ; 
and K. suhtilin Grassi, 1/5 cm. 
long, with an extraordinary slender 
body and a relatively large, head, 
found at Messina, but very rare ; 
as a rule only one s]>ccimen has 
l>eeii found at a time. 

(iii.) Spaddht I^ingerhuns. — 
A single pair of lateral fins ; these 
arc situated on the tail segment. 
Behind the head a thickening of 
the epidermis extends down eacli 
side of the body to the fin, or 
even farther. Two rows of spines 
on the head. Small animals, not 
longer than 1 cm. 

ft. ceplialoptera Busch is the 
smallest species of Chaetognatlia, 
attaining at most a length of a 5 


cm. The body is not so transparent as in other species, and is of 


a yellowish colour. It has been found from the Orkney Islands 


to the Mediterranean. Strocltmann is of the opinion that the 


three species ft. mariana Lewes, ft. batziana Giard, and S. gallica 


Piigenstechttr differ from the above-named only in size, or that 


their description is too indefinite 'to permit of accurate character* 
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isation. He .recognises three other distinct species : 8. pontica 
Ulianin, from the Black Sea ; 8. marioni G our ret, from the Gulf 
of Lyons ; and 8. draco Krohn, Mediterranean and Madeiran, and 
from the Canaries. 

Much confusion has been introduced into the classification 
of the Chaetognatha by Grassi, 1 * who calls some — but not all — 
of what other writers term Sagitta, Spade! la , and vice rerart. 
The following table was compiled by Strodtmann,- but I have 
incorporated in it two species recently described from Amboynu 
by Beraneck, 3 and called by him Sagitta bcdoti and SpadeUa 
vougai respectively : — * 


- CHAETOGNATHA 

I. Two pairs of lateral fins ; two rows of spines on the head ; slender forms, 
(i.) Number of spines in posterior row greater than in anterior, 
a. Border of hooks smooth, their point not curved. 

a. No interval between the two fins on each side. 3T> cin. long ; 4-7 
anterior spines, 8-11 posterior spines; olfactory organ lying 
entirely on the. trunk. The anterior nerves of the ventral 
ganglion liu close to one another us far as the head. — Sagitta 

LYRA. 

ft. A distinct interval between the two fins on each side. 

arc. Adult animals large ; hooks 6-7 ; anterior spines 
3-4 ; posterior spines 5-7 ; tail J or J of the total 
length; lateral ureas relatively larger. — Sagitta hkx- 

APTKIIA. 

bb. Greatest length 1-2 cm. 

au. Thickening of the epidermis behind the head ; pro- 
minently projecting vesiculae scmiuales ; olfactory 
organ very long ; hooks 8-10 ; anterior spines 4-6 ; 
posterior spines 10-15. — Sagitta bifcxctata. 

. ft ft. No epidermal thickening ; two caeca on the an- 

terior end of intestine ; length 1 cm. ; hooks 6-0 ; 
anterior spines 3-4 ; posterior spines 7-8 ; point 
of the hooks somewhat bent round. ■ — Sagitta 

MINIMA. 

yy. Epidermis thin ; no caeca ; hooks 8-f), their ends 
not bent ; anterior spines 3-4 ; posterior spines 
7-8 ; length 2 *cm. ; small head ; trunk propor- 
tionately thick. — Sagitta ekflata. 

88. Hooks 11-14, usually 12; length 1'8 cm.; anterior 
spines 6-7; posterior spines 18.— Sagitta fal- 
cidexs. 


1 I Chetognsti, Flora v. Fauna d. Golfif vou Neapel, Mon. V. 1883. 

1 loc. eit. " * loc. cit. 
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cc. Hooks 7 on each* side ; length 1 *3 cm. ; anterior 
spines 8-10, posterior spines 18-22 ; no olfactory 
* organ. — Sagitta bedoti. 

ft. Edge of hooks toothed and their point bent round ; hooks 6-8 ; 
anterior spines 6-8 ; posterior spines 10-12 ; length 1*5 cm. ; 
slender ; conspicuously projecting vesiculae seminales. — Sagitta 
SERRATODEXTATA. 

(ii.) Number of the spines in posterior row smaller than in anterior. 

a . Anterior spines 3 ; posterior spine 1 ; hooks 8 j length 3*5 cm. 
— Sagitta tricubpidata. 

h. Anterior spines 4 ; posterior spines 3 ; hooks 10-13 ; length 4*1 
cm . ; tail £ of the total length. — Sagitta magxa. 

JI. One pair of lateral fins lying on the trunk and tail ; one row of spines ; 
body slender ; epidermis not thickened. 

(i.) Hooks 8-9, bent like an elbow at the point, serrated in the young ; 
20-25 spines in a row ; ovary reddish ; length 3-4 cm. — Krohxi.y 
hamata. 

(ii.) Hooks 8, broad at their base but very sharply pointed ; spines in a 
curved row, about 18, with a constriction below like the neck of a 
bottle; body thin ; length 1-1*5 cm. — Khohnia bubtilis. 

1 1I. One pair of lateral fins, these lie on the tail ; body relatively very broad 
in consequence uf the thickening of the epidermis lying behind the' 
head ; two rows of spines ; greatest length 1 cm. ; tail and trunk 
usually the same length. ^ 

(j.) A great extension of the epidermis behind the head, consisting of very 
large cells ; amongst these, at the level of the ventral ganglion, lies 
a bundle of stiff hairs; tactile organ on papillae; hooks 9-10; 
anterior spines 6-8 ; posterior spines 12-18.; — Spadella draco. 

(ii.) Lateral extension of the epidermis not so conspicuous, and the cells 
composing it smaller. Tactile organs in little depressions.. Trans- 
verse as well as longitudinal muscles in the trunk. Adhesive cells 
on the ventral surface of the body. No interval between the lateral 
fiiiB and the tail fin. Two papillae on the head-hood elongated 
jinto club-shaped tentacles. Hooks 8-9, slightly serrated ; anterior 
spines 3-4 ; posterior spines 3-4. — Spadella cephaloptera. 

(iii.) Similar to the last-mentioned species, but the tail segment is huger 
than the trunk ; in the above it is of the same size. No adhesive 
cells. The fins are covered with papillae, and with a number of 
serrated spineB pointed at both ends. — Spadella pontica. 

(iv.) Tactile organs and adhesive cells are unmodified epidermal cells. 
Anus dorsal. Orifice of oviducts ventral. No olfactory organ. 
Epidermis colourless. Lateral fins without rays. A pair of ganglia 
at the postero-lateral angle of the brain. — Spadella marioxi. 

(v.) Tactile organs well developed on the head, trunk, and fins; tail 
segment a little shorter than the trunk. Body short, length 3-4 
mm Hooks 9; anterior spines 4-5, posterior spines 6-7. — ‘ 
Spadella vougal 
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CHAPTER VIII 

KOTIFBUA, GASTKOTRICIIA, AND KINORIIYNCIIA 

ROTIFER A — HISTORY — EXTERNAL FEATURES— MOVEMENT— ANATOMY 

REPRODUCTION KMBllYOLOi 1 Y CLASS! KJCATJON DISTlil- 

BUTION AFFINITIES (J ASTROT1UCIIA KINOK1IYNCIIA 

The Rotifera are microscopic animals, the largest not exceeding 
one-eighth of an inch in length. According to Hudson and 
(iofwie, 1 they are first recorded in an observation of the Rev. John 
Harris, in 1 696, of “an Animal like a large Maggot Which could 
contract itself into a Spherical Figure, and then stretch itself out 
again ; the end of its Tail appeared with a Forceps like that of 
an Ear-wig” 2 This was certainly a Udelloid Rotifer. 

hi 1703 Leeuwenhoek 3 gave a fuller description of a tuhico- 
lous form, probuhly Limniax, and noted the peculiar appearance 
of the ciliary wreath hh “ two wheels thickset with teeth as the 
wheel of a watch.” He also noted a little later 4 the way in 
which Mrlicrrta (see p. 20G) builds its tulie, and was the first to 
observe the revivification of certain 8}>ccicH after drying. 5 Johlot, 
a French professor of mathematics, in 1718 figured and descrilied 
a large number of new genera and species with more or less 
fantastic details, linker’s figures 0 arc a considerable advance on 
•Toblot’s, and his descriptions of habits are still fresh and accurate. 
Eiclihorn found a number of new and interesting forms ; and O. 
F. Muller, influenced by the new discipline of Linnaeus, not 

1 The ItoUfcra, two vola. and BUpplt London, 1886-89. 

3 Phil. Trane, vol. six. No. 220, }». 254 (abridged od. vol. iii. 1705, p. 651). 

3 Hid. vol. xxiii. No. 283, p. 1304 (abridged ed. vol. v. p. 6). 

4 Ibid. vol. xxiii. No. 295, p. 1784 (abridged ed. vol. v. p. 175). 

0 Ibid. No. 337, vol. xxviii. 1714, p. 160. 

3 Employment for the Microscope. London, 1785. 
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only figured many species, but gave good short diagnoses of their ' 
characters. Ehrenberg in 1838 brought out his magnificent 
Ivfusionsthierchen, which contains descriptions and figures of 
what are now divided into Protophyta, Protozoa, Rotifera, and 
Gastrotricha. Dujardin’s monograph on the “ Infusoires,” in the 
Suites A Buffon} was in several respects an advance on Ehren- 
berg, whose power of observation was so great as to render his 
mistakes the more inexplicable. But Ehrenberg ever adhered to 
his errors as firmly as to his facts. 

The occurrence of Rotifers among microscopic plants induced 
the botanists Cohn and Williamson 2 to work at their structure ; 
the group has been studied by men engrossed in other profes- 
sional cares, such as Gosse, Bedwell, Moxon, Rousselet, and 
Maupas. Huxley, 8 Leydig, 4 and Cohn 9 studied Rotifers in the 
'50's and early *60’s with a precision the more remarkable when 
we remember the imperfect methods then available. This period 
was closed by the valuable monograph published in Arlidge’s (4th) 
edition of Pritchard’s Infusoria , H under the supervision of W. C. 
Williamsoij. Leidy began the study of the American Rotifers. 
Eckstein 7 gave a careffd and interesting account of the species 
about Giessen in a richly illustrated paper. In recent times the 
modern methods of histologicul and embryological research have 
been applied by Yallentin, 8 Plate, 9 Tessin, 10 and Zelinka, 11 the 
three Studien usher Hotatoricn of the last author being indispens- 
able to every student, and containing a full bibliography. 

Hudson and Uosse’s Monograph (188G-89) contains a history 
of the class to which, as to the whole book, we are deeply in- 
debted ; and a full systematic account of all published species. 13 
C. Rousselet has introduced a method 18 of preparation of Rotifers 
in microscopic slides which enables workers to preserve the types 
they figure and describe for future identification and comparison. 
Gunson Thorpe has collected and studied Rotifera in China and 

I Paris, 1841. 1 Quart. Journ . After. Sei. vol. i. 1853, pp. 3-8, 05-76. 

8 Trans. Alter. Soc. London, vol. i. (n.s.), 1853, pp. 1-19. 

4 'Verh. Ges. IVUrzb. vol. iv. 1854 ; Zeitschr. tries. Zool. vols. iii. vi. 1851-55. 

5 Zeitschr. wise. Zool. vols. vii. ix. xii. 1856-58-63. 

8 London, 1861. 7 Zeitschr. i mss. Zool. vol. xxxix. 1883. 

8 Ann. Nat. Hist. sor. 0, vol. v. 1890, p. 1 ; viii. 1891, p. 34. 

8 Jen. Zeitschr. Nat. vol. xix. 1886; and Zeitschr. wise. Zool. Vols. xliii. xlix. 1886-90. 

10 Zeitschr. wise. Zool. vol. xliv. 1886, p. 273. ' 

II Ibid. vol. xliv. p. 396 ; xlvii. 1888, p. 353 ; liii. 1892, p. 1. 

11 For additions sec Roussolot, J. Hoy. After. Soc. 1893 and 1897. 18 See u. 228. ' 
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Australia. It would be' unfair not to record here the invaluable 
services of the late Thomas Bolton, 
and his son of the same name, 
both of Birmingham, and of J. 

Hood of Dundee, who have found 
and widely distributed living 
specimens of new, rare, and in- 
teresting species. 

Definition of the Class. — We 
may define Kotifera as a class of 
minute bilaterally symmetrical 
animals, with a chitinous integu- 
ment, a soft terminal “ disc ” 
fringed by a complex ciliary 
“wreath,” an anterior or sub- al * 
ventral mouth, and a dorsal 
cloucal aperture, beyond which 
the body is usually prolonged into 
the “ foot ” or process bearing 
cement glands, and serving for 
attachment, temporary or imma- 
nent. The body-cavity has no 
epithelial lining, and is traversed 
by nerves and muscles. The 
alimentary eanal possesses a chit- 
inous gizzard or vmstax of pecu- 
liar arrangement, and it usually 
opens into a cloaca. The nervous 
centre consists of A ganglion on FiA. IQQ.—Ifydatina wnta, ventral view, 
the dorsal side of the pharynx, to <After pllte ‘ ) nK ut " mI anten, “ 1 



which a second one on the ven- 
tral side is sometimes connected 
to form a complete ring ; eyes 
and bristle -bearing feelers are 
usually present as sense-organs. 
A paired system of renal tubes 
Berves for excretion, opening 


M, bladder ; ei, cingulum ; e, e, 
in uterus \fg t foot gland ; //, gizzi 
UU% gastric gland ; gm % germarium or 
ovary ; <yr, ciliated lobes of “ groove " : 
i, intestine ; k\ k\ kidneys ; m, mouth ; 
ns, nephrostome ; ve % oesophagus ; tic, 
renal commissure, transverse tube unit- 
ing kidneys above moutli ; i, stomach 
overlaid by reproductive organs ; /r, 
troebus; w, uterus; twi, vitellarium 
or yolk-glaud. 


through # median contractile 

bladder into the ventral side of the cloaca. The sexes are distinct ; 
but the males (Fig. 107)> which mostly lock digestive organs, occur 
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rarely, and the females are usually viviparous, or carry about 
the eggs till they are hatched ; while, owing to the rarity of 
the males, parthenogenesis is habitual. Fission and budding are 
alike unknown. The fertilised eggs are of the kind termed 
11 winter ” or “ resting ” eggs, and resist conditions adverse to life. 

The Rotifera are of cosmopolitan distribution ; most of the 
species inhabit fresh water, whilst some are brackish, and a few are 
marine; 84 genera and al>out 700 species have l>ecn described. 



Fig. 107. — Malt* Rotifera. (After Hudson. 1 ) 1, Ftanrularia rumimnvlata ; 2, Tjtcinn- 
luria tmria/is ; 3, XotojM hrarkwnirs ; 4, Synch art a fir mu la ; 5, Anptanchna rbbes- 
hnrnii ; 6, /teach inn us Ut'ccularis ; 7. Sat phut uiNerauata ; 8, Faint imi mi rum. 

External Features. 2 — The body is divided into three regions : 
(1.) the head, ending in the dine, which bears the ciliary wreath ; 
(2) the trunk, containing the viscera; (3) the foot, which only 
contains muscles, nerves, and cement-glands. The general form 
of the BODY varies greatly: it is spherical in Trochosphacra, 
ovoid in Asplanchnidae, conical in Scirtopodu, Triarthridac, and 
tfynchnctn; moderately elongated in the majority of the Ploinia, 
among which some forms are very flat, like Ptvrudina , Jfetopidia, 
and Brackiunus ; shortly elongated and cylindrical in Hydatina 
(Fig. IOC), Notommutidue, and many others. In Taphrocampa 
it is cylindrical and segmented, while the segments are tele- 

1 Quart. Journ. Micr. Soc. (n.s.) vol. xxiv. 1884, p. 352. 

2 The definition of the Orders and systematic position of the genera and species 
referred to under this head will be found in a following section (pp. 220 f.). 
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scopic in the Bdelloida, both ends being retractile into the 
middle segment. In most attached, tube-dwelling forms the body 
is ovate, tapering behind into the elongated stalk-like foot. 

The foot at the hinder end of the body is usually more or 
less jointed ; in Pterodina and Brachionus it is long, transversely 
wrinkled, and retractile. Usually it terminates in a couple of 
acute, mobile toes, perforated at the tips by the ducts of the 
pedal glands (Fig. 10G, fy), whose viscid secretion serves to 
anchor the animal. In ltotifer there are three of these toes, 
which are retractile, and in addition there are in this genus, as 
in most of the Bdelloida, toe-like pointed spurs in pairs on the 
more proximal joiuts of the foot. In Call id inn the spurs are 
often perforated, and the toes are replaced by numerous o]>enings 
on the last joint of the foot (Fig. 1 09, A) ; while iu JJi/scopuH the 
end of the foot expands into a large disc, with numerous pores 
lor the exudation of the pedal cement, and there are no spurs. 
In Pedalion minim the foot is represented by two tubular pro- 
cesses ciliated at the apex and at the outer side near the base 
(Fig. 117,/). These are inconstant in size and form, that of one 
side being sometimes reduced or absent, while both am absent 
in the closely allied species P. fennirum . 

In Meliccrtiduc and Flosculuriidue the long loot ends in an 
expanded disc, which is cupped and ciliated in the larva (Fig. 
112, B) and in the larva-like male (Fig. 107); but in two“ 
species it is prolonged into a long flexible thread which is not 
contractile. The foot is also, elongated in the Bdelloid genus 
Actinuru $ and the Vloimal genus Scaridium . It forms a mere ven- 
tral disc in Apsilus (and Atrochus ?), and is absent in Asplunclmidac 
(except A&planchnopvs ), Triarthridue, and Anurneidae, and in the 
genera Trochospfaaera ( Melicertuccae)und 7 J ^w^Ao/y.r(Pterodinidae). 

The fringed spines of Triarthridue are jointed appendages 
moved by powerful muscles; in Tnarthru one is median and 
ventral, the others being attached to the shoulders. In Pulyarthra 
there ure twelve flattened and serrated spines, a bunch of three 
being attached to the dorsal and ventral faces of either shoulder. 
An easy transition leads to the hollow appendages of Scirtopoda, 
which end in a fringe of bristly hairs, themselves feathered with - 
finer hairs (Fig. 117). These processes are in .Pedal ion six in 
number, two median (respectively dorsal and ventral), two antero- 
lateral, and two postero-lateral. As they contain proper muscles, 
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and the postero-lateral pair contain part of the nephridia and 
bear the lateral antennae, they are true outgrowths of the body, 
and are not homologous with the spines of Triarthridae. 

The front of the body constitutes the head, which is scarcely 
distinct, though usually separated by a slight neck-like con- 
striction. ‘ The disc, which terminates the head, vhries greatly 
in shape and in the arrangement of its parts. Imagine a 
circular funnel, finely ciliated within, and with the mouth at 
the bottom, the prominent rim bearing two zones of cilia, the 
inner or anterior lieing the coarser, and termed the “ trochus ” or 
hoop ; the outer finer, and termed the “ cingulum ” or girdle , 
while a very finely ciliated groove lies between the two zones. 








Fra. 108. — Diagram- 
matic views of disc 
of Rotifers. Cin- 
gulum represented 
liy a ldack line, 
groove shaded ; tro- 
chus dotted ; the 
black spot repre- 
sents the mouth. 1. 
Simple disc of *1/7- 
crocodon; 2.Rdelloid 
disc of Rotifer or 
Callidina , the star 
represents the cili- 
ated proljoNcis ; 8, 
disc of IlydatiMi* 
groove represented 
by lobes louring cili- 


ated styles ; 4, disc of Mdicerta, the star represents the ciliated ventral cup with open- 
ings into it from the groove ; fi, disc of CotutchUua ; 6, disc of SUphanoceros, cingulum (?) 


of setose lobes, trochus horseshoe-shuped, mouth central. 


Either or both of these zones may be interrupted ou the dorsal 
or ventral median line, or both ; and the funnel-shaped mouth 
may be shifted — usually vent-rally, so that it fo^ms only a dila- 
tation of the ciliated groove. Again, the wreath as a whole may 
be festooned or lobed ; or the lobing may be confined to the area 
between the cingulum and trochus, as in most Ploima (Figs. 106 
and 108, 8). Very frequently on these lobes adjacent cilia are 
fused together during life, producing “ vibratile styles,” whose 
true nature is only revealed after death. In Microcodonidae the 
structure of the disc (Fig. 108, 1) nearly conforms to the primi- 
tive type ; but the ciliated groove is absent, and the “ trochus ” 
is in two separate half-elliptical bands. In the Flosculariaceae 
(Fig. 108, 6) the mouth is also central, the disc is funnel-shaped. 
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and the trochns is a horseshoe-shaped ridge, with its ends dorsal 
and raised into prominent knobs. The margin of the funnel 
is in Flosculariidae (Fig. 115) usually lobed, and furnished either 
with exceptionally strong cilia, or else with very long bristles 
which are usually passive. However, by the retraction of the 
lobes that bear them they are clasped together like casting-nets 
to enclose prey brought into the funnel by the action of the 
trochal cilia. An external ring of cilia in Ffosculuria mutahilis 
and F. pehtyiea serves for swimming. In Apsilidae the margin 
of the disc bears neither cilia nor bristles, but is either simple 
and ring-like, or is produced into tentacles (Fig. 112, C). The 
oral funnel is probably represented in Flosculariaceac by the con- 
tinuation of the small central mouth into a ciliated tulx* (Fig. 
115, C, tf\ open below, and hanging freely down into the crop. 

In all other cases the mouth is displaced, and lies in the 
groove and on its ventral side (except in ConoclMus , where it is 
dorsal. Fig. 108, 5). In the Bdelloida the disc is prolonged into 
two great lol»es like kettle-drums, round the posterior, external, 
and ventral edges of which run the troclius, cingulum, and cili- 
ated groove (Fig. 108, 2). All three are interrupted behind in 
the median line ; ventrally the groove widens into the oral 
funnel, the cingulum is continued into a sort of spout-like lower 
lip (Fig. 109, (.-, I), /), and the troclius w absent. The body is 
prolonged dorsally above the lolies into a two-jointed proboscis, 
ending in a ciliated cup overhung by two dorsal flaps : this we 
regard as a detached portion of the wraith. 

This “Bdelloid” type of wraith occurs also in Scirtopoda 
(Fig. 117), and in the Pluiinal genera Triarthra , Ptcrodina , and 
Pompholyx. A simpler wreath of essentially the sume type occurs 
in Asplanclmaceae and Melicertuceae ; 'the disc is not prolonged 
into drum-shaped lobes, but is thin at the rim, where it bears 
the triple ciliated zone, interrupted on the dorsal median line and 
depressed ventrally into the oral funnel. In the Melicertidae, 
moreover, the disc is*widened into a greut plate-like extension, 
often beautifully lobed ; and in many of the species a ciliated 
cup lies ventral to the lips, and is connected with the groove by 
a short ciliated channel on either side (Figs. 108, 4, and 116). 
Even the simpler wreath of Asplanchnidae is complicated by 
stronger lobes on either side bearing vibratile styles. 

The^ most complex discs are found in Floima, especially in 
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Braehionm , Hydntinn , and Synchartn - 9 since the groove is replaced 
by a zone of lappets, us above mentioned. In Proalf* the whole 
face of the disc is strongly ciliated. The wreath is reduced 
in tin? parasitic genera Drilophagus , Alhertia , Balatro, and the 



Fin. 109. — f\i11ulina symbbtica. (After Zclinka.) A, Ventral view, with the iliac half 
expanded, proljoscis extended ; B, lateral view, prol niseis extended ; C, ventral 
view of anterior segments with expanded disc ; D, lateral view of same (proboscis 
retracted). », Antenna ; W, bladder (enlargement of rectum) ; r, ciliated cup of 
the proboscis ; a\ cingulum ; <7, cloaca ; *■/#, group of pores, the ownings of cement 
glands ; th\ disc ; //, gizzard ; ///a, gcrniarium (that of the opposite side seen at a 
higher level) ; //r t ciliateil groove ; k\ kidney ; /, lip ; m, mouth ; pr ; proboscis ; sp f 
spurs of foot ; ti\ large cilia of trochus, showing vertical movements ; rut, yolk- 
gland. The hmly muscles are represented by shaded bands. 


Keisonuceoc ; in Adineta and Taphrocampa it is only represented 
hy a general but scanty filiation of the disc.- 

The head is very frequently retractile, as a whole, by strong 
muscles. In Hdelloida the disc proper is retracted when the 
animal crawls, while the proboscis is exserted (Fig. 109). 
Ciliated patches occurring outside the region of the disc point to 
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a primitive condition when the whole surface of the body was 
ciliated, as does the partial (filiation of the foot in certain groups. 
Synckacta and many Notommatidae possess a pur of lateral, 
hollow, ciliated pits on the body, which can be everted to serve 
as additional swimming organs ; these are termed “ auricles.” 

The cuticle varies much in texture. It may lie smooth and 
flexible, dotted or shagrecncd, or in the Loricata firm and of 
definite shape, constituting a Inrircr, which may be more or less 
distinctly divided up into areas or separated into distinct pieces. 
In this case it resists decomposition, and several species are only 
known by this “ skeleton.” In P! venom a it is much thickened 
and looks like a honeycomb. A regular alternation of harder and 
softer zones effects the annulution of the body in certain genera. 

The hypoilerm or protoplasmic layer of the skin has no cellu- 
lar boundaries, though it contains large and distinct nuclei ; it 
is usually somewhat granular. It forms the wall of the. body- 
cavity, which contains a transpuvut liquid without corpuscles. 

The principal eoUernol yhtrnh are the pedal or cement-glands, 
which secrete; a viscid substance that sets in water and serves to 
anchor the animal. They are formed from an ingrowth of the 
hypoderm, are usually paired, and open by fine? ducts on or near 
the apex of the toes, when these processes of the foot art; present 
(Fig. 106,/f/). These glands are mostly absent when there 
is no foot, as in most Asplanchnidae and in Anuraeidae, but in 
A&planchna herricldi a small gland on the ventral side of the 
cloacal aperture apjiears to represent the last rudiment of the foot. 

In addition to these, the ciliated ventral cup helow the disc; 
of many Melicertidae secretes a viscid suhstunce (Fig. 11G, /'): 
and possibly the whole surface of the body is secretory in those 
species of this group, and of the Floseuhiriidae, whose tube (Fig. 
1 1 5, A) is uniform and not made of pellets. Tn several other 
species belonging to Iidelloidu and rioimu-Illoricutu a viscid 
secretion of the surface of the l>ody renders it “ sordid ” with 
adherent particles of dirt. 

When the secretion takes the form of a tula?, the body can be 
wholly withdrawn into it by the contraction of the foot. In 
Floscularia, Stephanoceros, and ConochUua the tube is hyaline and 
thin-walled; in Oeeistes and Cephalosiphon it is more or less 
floccose ; and in Livinins it is thin, lirm, and annuls ted. In 
Afelicerta and some species of Oeeistes the tube thus secreted by 



the hod y is only formed in a very young state. In M. Janus 
and if. pilula it is increased by the successive deposition of ovoid 
faecal pellets on to the rim. In if ringens (Fig. 116) and if coni- 
fer a pellets are formed of the excess of the food particles brought^ 
to the disc by the ciliary current ; they are carried through the 
gutters on either side of the projecting ventral lip or “ chin ” 
into the ciliated glandular cup on that side of the head. Here, 
as they revolve, they are cemented together into a pellet which 
is spheroidal in the former species, cylindro-conoidal with a basal 
hollow like a rifle-bullet in the latter. After a pellet is com- 
pleted the animal stoops down and deposits it on the edge of the 
tube. This may easily lie verified by furnishing a young 
Mclicerta with water containing solid particles of carmine. Jf 
tubicolaria forms a. thick tube which is laminated, the laminae 
being directed upwurds and outwards, and having diatom shells, 
etc., between the layers. In, this case we have observed that the 
faeces are pellucid, and sometimes are so ejected as to lie in a 
sheet against the funnel-shaped mouth of the tube, and we are 
inclined to believe that the tube itself is formed altogether in 
this way. A similar process probably occurs in Oecistcs crystal - 
linns and Oc. umbella . 

The muscles are simple elongated fibres, usually having near 
the middle a moss of granular protoplasm containing a nucleus ; 
they may tie smooth or striated. The princijial muscles of the 
body are conspicuously striated in many active free-swimming 
forms ( Pedalion , Synchaeta, Ptcrodina , Triarthra ). 

The muscles of the body-wall are transverse and longitudinal. 
They are best seen in Bdelloida. The principal muscles of the 
body-cavity are longitudinal ; the most conspicuous and constant 
are the retractors of the disc and of the foot, protraction of these 
organs being usually accomplished by the contraction of the 
transverse muscles. Special muscles effect the vigorous spring- 
ing of the Triarthridae and Scirtopoda; in the former group the 
muscles only raise the spines, and their elastic recoil is the 
actual mechanism of progression; but in the latter (Fig. 117) 
special flexor muscles of the limbs are the effective agents of the 
leaping movements. 

Movements. — The Rotifera vary very greatly in their move- 
ments. The cilia of the disc, and especially of the trbchus, are the . 
principal organs of prehension of food, and also of swimming when . 
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the animal is not fixed by its foot. In some cases, as in Bdelloida, 
the cilia lash downwards successively in the longitudinal plane of 
the body (Fig. 109, C, D); this motion during fixation produces 
a hollow vortex ring, like the rings of a skilled cigarette-smoker, 
but when the animal is free it determines a simple forward pro- 
gression through the water. In other cases the animal rotates 
on its long axis, or may even turn somersaults ( Synchacta ). The 

appearance of the spokes of a wheel is a pure illusion due to the 
greater visibility of the cilia in their slow recovery than in 
their instantaneous down-lusli. The finer cilia of the groove and 
cingulum play a very minor part in the act of Bwimming, und in 
' the production of the great vortices at the edge of the disc when 
the animal is fixed ; they serve to direct the particles brought by 
the vortices to the edge of the disc onwards towards the mouth. 
It is easy to sec that the Btreain must be in opposite directions 
on opposite sides of the groove ; its prolongation across the dorsal 
mudiun line would be useless, which explains the existence of 
the dorsal median gap. At the ventral side we usually find a 
prominent ciliated lip, whose cilia work outwards, and carry off 
the excess of food particles as by an overflow spout. In many 
cases among the Notommatidae, Coluridae, etc., the disc serves as 
much for creeping over organic debris as for swimming. 

We have- already noticed the springing bristles and limbs 
of the Triartliridae and Scirtopoda respectively ; the great foot 
of Scar id in m is also used for leaping. The Bdelloida have the 
power of retracting their disc and progressing* in loops like a 
leech or looper (Oeometrid) caterpillar. 

Baker, iu a letter addressed to Martin Folkes, Esq., President 
of the Boyal Society, dated London, 16th January 1744-6, 1 gives 
the following lively account of the aspect and movements of 
Philodina roseola belonging to this group, with figures, some of 
which we reproduce from the original copper-plate engraving : — 

“ I call jt a Water Animal, because its Appearance os a living 
Creature is only in that Element I give it also for Distinction 
Sake the. Name of Wheeler, Wheel Insect or Animal ; from its 
being furnished with a Pair of Instruments, which in Figure and 
Motion appear much to resemble Wheels. It cun, however, con- 
tinue, many Months out of Water, and dry as Dust; in which. 
Condition- its Shape is globular, its Bigness exceeds not a Grain of 
1 Reprinted in Baker's Employment for the Memeope, 1786, pp. 267 f. 
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Sand, and no Signs of Life appear. Notwithstanding, being put 
into Water, in the Space of Half an Hour a languid Motion 
begins, the Globule turns itself about, lengthens by slow Degrees, 
becomes in the Form of a lively Maggot , and most commonly in 
a few Minutes afterwards puts out its Wheels, and swims 
vigorously through the Water in Search of Food ; or else, fixing 
by its Tail, works them in such a Manner as to bring its Food to 



FlO. 110 . — Philudina roseola. (After Baker.) 1 B, Crawling, with extended proljoscis, 
and allowing antenna ; C, D, E, attached, with “ wheels ” extended for catching 
food ; F, attached, with anterior end retracted. 

it. But sometimes it will remain a long While in the Maggot 
Form and not shew its Wheels at all. . . . 

“If the Water standing in Gutters of Lead, or the slimy 
Sediment it leaves behind, hus any Thing of a red Colour, one 
may be almost certain of finding them therein , 1 and, if in Summer, 
when all the Water is dried away, and nothing but Dust remains, 
that Dust appears red, or of u dark brown, one shall seldom fail, 

1 “ Wheel Animals , though found with moat Certainty in Leaden Gutters, etc. are 
often discovered in the Waters of some Ditches, and likewise in Water tliat has stood 
a considerable Time oven in the House ; for I have often met with them, in sufficient 
Plenty , in a Sort of slimy Matter that is apt to be produced on the Sides of Glasses ' 
and other Vessels, that are kept long with the Infusions of Hay or other Vegetables ; 
and probably they are wafted thither by the Air, when in the Condition of little 
dry Globules." 
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on putting it into Water, to discover Multitudes of minute reddish 
(llobulcH, which ate indeed the Animals, and will soon change 
their Appearance, in the Maimer just now mentioned. . . . 

11 A Couple of circular Bodies, armed with small Teeth like 
those of the "Balance- Wheel of a Watch, appear projecting 
forwards beyond the Head, and extending sideways somewhat 
wider than the Diameter thereof. They have very much the. 
Similitude of Wheels, and seem to turn round with a considerable 
Degree of Velocity, by which Means a pretty rapid Current of 
Water is brought from a great Distance to the very Mouth of 
the Creature, who is thereby supplied with many little Auimul- 
ctiles and various Particles of Matter that the Waters are 
furnished with. 

“As these Wheel a (for so from their Appearance I shall l>eg 
lioavo to call them) are every where excessively transparent, except 
about their circular Him or Edge on which the Cogs or Teeth 
appear, it is very difficult to determine by what Contrivance they 
are turned about-, or what their real Figure is, though they seem 
exactly to resemble Wheels moving round upon an Axis. . . . 

“As the Animal is capable of thrusting these Parts out, or 
drawing them in, somewhat in the Way that Snails do their 
Horns, the Figure of them is different in their several .Degiws of 
Extension and Contraction, or according to their Position to the 
Eye* of the Observer, whereby they not only appear in all the 
various Forms before represented, but seem at certain Times as if 
the circular Rim of the Wheel or Funnel wen; of some Thickness, 
and had two Rows of Cogs or Teeth, one above and the other 
below that Rim.” 

Digestive Organs. — The pharynx is usually a narrow ciliated 
tube, which varies in length from genus to genus, but in no 
other important point, save in Flosculariidae, where it assumes the 
form of a crop, into which the mouth hangs freely down us a 
narrow ciliated tube. At its lower end is an enlargement, the 
mastax or gizzard . 1 This is a strong muscular sac containing 
the trupki or hal'd chitinous chewing organs, with an antero- 

1 Gonhc’h account of the 11 Structure, Functions, anil Homologies of the Mandu- 
catory Organs in the Class Rotifera ” (in Phil, Trans. 1856) remains os the most 
complete Anatomical account we have, though his attempt to identify these parts 
with the modified limbs of the Arthropod mouth has met with no support from 
subsequent workers. Gosse rendered these ‘parts clearly visible by the use of 
dilute caustic alkali. 

VOL. II P 
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ventral inlet from thq pharynx, and a postcro-dorsal outlet 
through which the food pisses into the stomach either directly 
or through a slender gullet (Fig. 10G, oe). In the ventral wall 
of the gizzard of most Floiiha is a median piece, the fulcrum, 
from which run forwards and upwards two pieces, the rami, 
which are hinged on the fulcrum. The Y-shaped structure 
formed of these three pieces is called the incus (anvil). At 
either side of the gizzard and at a higher level is a paired piece, 
the Ttudlcus, so called from its resemblance to a hammer, of which 
the manubrium, (handle) looks 1 Mick wards, and is embedded in 



Fic. 111. — Diagram of troplii. (After Hudson.) A, Malleate; B, Kuluualli'Atu ; C, 
virgate ; D, forcipato ; E, nmlleoramate (AIAicertu ) ; F, inundate (Auftluurhno ) ; G, 
unciiiAtu {Stfphanocerm) ; H, ruinate ( Ruttfer). /, Fulcrum ; i, incus; //wi, lnanu- 
brium (malleus in G) ; r, ramus ; km, uncus. 

the side walls of the mastax, while the toothed claw or uncus 
looks forwards and iinvards, and is hinged at its inner side with 
the tip of the ramus. As the unci and rami are usually strongly 
toothed, this gizzard forms a very efficient appiratus for chewing. 
In some cases, when the pharynx is short and dilatable, the 
points of the unci and rami may be protruded for biting, for 
clinging to the host (in the parasitic genera Albertia and JJrilo - 
phayus ), or for the prehension of food (Battulidae, etc.). 

The type we have just described is termed the “ malleate 99 
type (Fig. Ill, A). If all the trophi are slender and scarcely 
toothed, we have the “ virgate ” type (C), which is frequently 
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^asymmetrical In the " submalleute ” type (B) the mallei only 
are slender; iu the "forcipate” type (I)) both the unci and 
rami are slender and sharply pointed . 1 In the " malleoramute ” 
type (£) the manubrium is a curious looped structure, while the 
uncus is formed of a number of ]simHel slender elongated teeth ; 
this characterises the family Meliccrtidae, and the genera Triar- 
thru, Ptcrodina, and Pedal ion* In the "uncinate” type ((J) the 
mallei are simply incurved hooks with a few teeth at the free 
end, the rami are simple or absent, and there is no fulcrum ; this 
type occurs in Flosculariaceae only. In Asplanchnidae the rami 
uni large and hooked, constituting the “ incudate*” mustux (F) ; 
but here reduced mallei ure often present, and iu Axphvnt.h'hopm 
they are almost as well developed as in Meliccrtidae, affording a 
transition to the malleoramute type. In this group too the 
mustux has a very peculiar form ; it is divided into two cham- 
bers, dorsal and ventral. The dorsal chamber forms a great 
purse-like sac or crop, with a framework of four longitudinal bars : 
into this the gullet and pharynx open. The ventral pouch is 
much smaller, and in its base the large rami are inserted, so 
that they can be protruded into the crop. This ventral sac 
with the rami may even be everted through the crop and the 
mouth, to swallow the small Rotifers and Fntomostraca which 
form the food of this group, or to eject the undigested remains 
of the food. Two lateral sacs open at the junction of the ventral 
pouch and the crop, but whether they play a jwirt iu the deglu- 
tition of food or in the disgorging of faeces is uncertain. The 
fact that the whole of this apparatus is lined by a non-ciliated 
chitinous cuticle justifies our view that it is simply an enlarge- 
ment and specialisation of the mustux. 

The trophi in Bdelloids also are only represented by the 
rami, which have the form 'of segments of a sphere, excavated 
on the curved sides for the attachment of hiuhcIch, and trans- 
versely ridged on the two flat sides ; the gizzard is here called 
" ramate ” (H). 

It will be seen that the characters of the gizzard are very 
useful- for classification, only breaking down indeed in the 

3 A modification of thin typo is seen in the parasite Drilophagus , where the unci 
and rami are two- pronged at the end, but the trophi are not movable on one 
another, but protrusible as a whole to eerve as an organ of attachment to the 
Oligochaete Lumbricuhu, to which this Rotifer attaches itself. See Vcjdovsky, 
“Ueb. Drilophaga bucephalvs" etc., i%SB. B&hm. Gca. Jahrg. 1882(1888), p. 800: 
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rioinui ; for though the majority of these present one or other of 
the four varieties of the mulleute type, Triarthra and Pterodina 
(but not the other genera of their respective families) have the 
gizzard malleoramate. 

The oesophagus is, when present, a contractile ciliated tube in 
which the food makes no sojourn on its way to the stomach. 

The stomach may be nearly spherical, ovoid, or elongated and 
cylindrical. Its walls are formed of large cells, often granular 
and sometimes brownish, whence a hepatic function has l>een 
assigned to them. Its apertures are both surrounded by con- 
stricting muscular fibres. The intestine may be. simple or 
divided by a similar constriction into intestine, proper and 
rectum. The whole of the alimentary tract, with the exception 
of the mastax, is richly ciliated within. The rectum opens into 
the slender non-ciliated cloaca. The intestine is sharply limit 
upwards ami towards the back in the tubicolous forms, but is 
nearly straight elsewhere ; in Troehosphaem and Apsilus it is 
bent ventrally. In Aspluuehnaceae and in Paraseison there is no 
rectum, the stomach being a blind sac. 

The so-called sat iron/ glands, usually two in number, open 
into the pharynx or mastax; and the paired gastric, glands (Fig. 
IOC,////) opm into the oesophagus or stomach. While the pre- 
hension of food is usually accomplished by the ciliary current 
of the disc, and pharynx, we have seen that a more active 
swallowing action takes place in Flosculariaecac and Asplanch- 
nidae, which devour whole Algae, Infusoria, and even other 
Rotifers, the long spines of Triarthra not availing as a protec- 
tion. Many IMoiina put out the tips of their trophi to nibble 
at debris, or, in the case of Diglena and Distemma , to attack 
Dcsmids, or the Infusorian Stentor. But this use of the trophi 
is most efficient in Ploesuma. Bilfinger 1 writes : “ It has the 
courage to attack larger Rotifers ; thus I was able to observe 
under the microscope how it fell upon a lialtulus but little 
smaller than itself and destroyed it. First it plunged the sharp 
prongs of its mastax deep into the tender frontal area of its ' 
unhappy victim ; then followed a pumping action of the gizzard, 
and stroke by stroke the whole contents of the victim’s body 
ptssed into the brigand’s stomach.” From this it is an easy 
transition to the ectoparasitism of Drilophagus, Balatro , and 
1 “Zur Rotatorien Wurttemburgs," in Jahresb. Vcr. WUrt. vol. 1. 1894, p. 57. 
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some species of Afbrrtia , which cling to their host by the 
exserted trophi. 

Renal Organs. — The kidneys consist of a pair of convoluted 
tubes, formed of a succession of perforated, so-called “drain- 
pipe ” cells (Fig. 10G, Zr); they open directly or indirectly into 
the cloaca. Their walls are thin in the straight parts, but thick 
and glandular in the coils which occur at intervals. These tubes 
bear little tag-like appendages, hanging freely into the body- 
cavity, often widening towards the five end, and (lattened or 
circular in section (Fig. 10G, //.*). They show during life a 
pecidiar flickering motion in their interior, like the equivalent 
“ Game-cells ” of many Plutyhelminthcs (see p. 2f>), and are in 
function the representatives of the multicellular venal funnels 
of Annelids. On one side, especially on the edge of the flattened 
tags, the appearance is as of a tapering whip-like lash, attached 
by its base to the free end of the tag and waving in its cavity; 
but the side view of the flattened tags shows an appearance of 
successive transverse or oblique waves. In many if not all eases 
the free end of the tag is closed by a vacuolated plug of proto- 
plasm, which sometimes at least bears two flagella waving freely 
in the hody-cavity. The probable explanation of the two dis- 
tinct wave appearances within the tag is that the protoplasmic, 
plug hears on its inner face a row or tuft of long cilia hanging 
down into the cavity of the. tag. Tint tags probably keep up a 
current of liquid through the kidneys, while the couteuts of the 
hody-cavity are constantly replenished by osmosis. 

The. two renal tubes may end blindly below the disc, or else 
join by a short transverse dorsal communication in front of the 
brain, as in fiteph anwerox, A t rtwk ux (Fig. 112, T), and Apxilux 
among Floscularinccue, Latin uhiri*i among Melice.rtidac, and Jlyila- 
tinti among the llloricute Floima (Fig. 1 OG, rv). In some sjiec.icH 
of Axplaiwhmt, if not all, a recurrent branch occurs owning at 
either end into the main tul>e of its own side. 

The kidneys unite to discharge into the cloaca ncur its 
orifice, and on its distal (primitively ventral) Hide in many Mcli- 
eertidae. In Bdelloidu the common duct formed by their fusion 
opens into the ventral side of a dilated bladder-like section of . 
the cloaca (Fig. 109, A, W), which contracts rhythmically to dis- 
charge the liquid ; while in the majority of the class they open 
singly or by a common duct into a separate contractile vesicle or 
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bladder, which also discharges at regular intervals into the cloaca 
on its ventral or distal side (Figs. 106, U and 112). This bladder 
may reach when expanded one-third the diameter of the whole 
animal, and contract as often as three times per minute ; so that in 



Fit;. 112. — Apfiiliiliu! : A, A/hUhs tcnti/ormjs, 9, dorsal view (after Mctschuikotf) ; tin* 
sipiaro bruin is seen with nerves to tlie lateral antennae ; B, larva of A, tcnf.{/hrmis(i), 
showing the paired eyes mid ciliated cupped foot ; C, adult of Atmrkm appctuii- 
enhtlm \ 6 (after Wienwjski). at, Lateral anteuuue ; am, median antenna (just in 
front is seen the renal commissure) ; an, anus ; hr, brain, below which the paired 
eyes are seen ; r, cloaca ; cm, embryo ; rm\ cm*, em"\ three successive stages of 
embryos in the uterus of C ; k, kidney. The coarser muscles are striated. 

i 

a period of nine minutes a bulk of water equal to that of the 
animal must have diifusod through the body-wall, to l>e removed 
by the kidneys. It is obvious tliat while the function of the 
kidneys is primitively excretory, the passage of the water through 
the liody must bring in the oxygen dissolved in the external 
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medium, and carry off the carbonic acid formed in the tissues, and 
so fulfil the act of respiration. This mechanism is physiologically 
comparable with that of the contractile vacuole of fresh -water 
Protozoa. In a few genera ( Conochilus , lacinularia, lHcrodinti ) 
the kidneys open separately after a slight dilatation into the cloaca. 

Nervous System. — -The nervous centre of the liotifem is the 
brain (Fig. 112, C, ftr), a ganglion lying dorsal to the pharynx; 
and when this is short it may lie immediately below the surface 
of the disc ( Microcodon ). I 11 lldelloida a second ganglion is present 
below the pharynx, and is connected with the former by lateral 
cords which contain ganglion cells. From the brain, nerves are 
given off- to the disc, to the muscles, and to the integument of 
the body, as well as to the. sense? organs. The largest nerves 111*0 
two given off from the sides of the brain, each of which divides 
into a lateral and a ventral trunk, which* run nearly the whole 
length of the animal. 

The bruin of several Notoinmatidae has a curious appendage, 
white by reflected light and very opaque ; it is a sac full of 
chalky mineral matter, which dissolves readily in dilute acids. 

Sense Organs.-- -The most widely diffused sense organs are 
the antennae or finders, which may serve for touch or smell, or 
possibly both. Each antenna is a conical or tubular outgrowth 
of the skin ; from its apex projects a line pencil of sense hairs 
borne on a protoplasmic cushion, which receives a nerve. Often 
the antenna is elongated, and may then contain a muscle by 
which it is retractile (Literal antennae of Aleiinn'ta) ; sometimes 
it is reduced to a slight prominence hearing the setae (dorsul 
antenna of this genus). There are usually three antennae — a 
median dorsal (Figs. 109, B, a, and 112, C, aw) and two lateral 
( Figs. 1 0 (5, 1 1 2, C, and 1 1 5 , A, ul), often approximated towards the 
ventral surface, and sometimes all but fused on the middle line, 
or completely united ( Conochilvs dossuarlus, Copens cavdatus)} 

Most ltotifera possess an organ of sight. This iu its simplest 
form is a refractive globule seated in a red pigmented cup through 
which the nerve passes; in other cases it lies directly on the 
brain. Very frequently the eye is paired (Figs. 112, It, and 
115, A); and these paired eyes may lie on the brain, and then 

1 Similarly Hudson and Zelinka both regard the dorsal antenna as formed by 
the coalescence of two antennae. These retain their distinctness in AtplancJina ; 
in some Bdelloida the single antenna is supplied by a pair of nerves. 
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are so close together that the pigment-cups have the shape of an 
x, or else they are seated in the dorsal region of the head behind 
the disc. In some cases they lie just under the ciliary wreath, 
or even within the region of the disc, and piss towards its ventrul 
side in Pedalion (Fig. 117, A, e). In Rotifer they lie just under 
the dorsal side of the proboscis just below its apex-. The median 
and two lateral eyes often exist together, as in Eoxphara; and 
sometimes additional piired eyes exist. In Furcuhvria lonyiseta , 
var. grandis a pair of pigment spots (eyes ?) occurs at the hinder 
end of the body just in front of the foot. 

The active J’loima show a spontaneity of movement and 
marked power of avoiding obstacles, etc. This is still more 
marked in the very active Pedalion, which, as Housselet notes, 
clearly avoids capture by the dropping tube, aided by its sense 
of sight, as he suggests, or by the tactile or olfactory powers of 
the antennae. They must rank as psychically high in the scale 
of creatures of simple organisation. 

Reproductive Organs and Reproduction. — The most con- 
spicuous organ in the female is the large yolk-gland or rite/larium 
(Figs. 10(i and .100, A, /:///), which was regarded as the ovary by 
all the older observers. It consists usually of eight cells, with 
conspicuous nuclei, lying on the ventral side of the stonuich, and 
frequently displaced to one side. ; hut in most Asplanchnidae it 
forms a broad transverse band of numerous cells. In Pterodivu 
it is horseshoe-shaped, while in Seisonnceae and Hdelloida it is 
paired, either gland containing four or eight cells. The true 
ovary or ye r murium (Fig. 100, gni) lies more or less hidden 
between the yolk-gland and the stomach ; it is composed of 
numerous minute rounded cells, of which the hindmost for the 
time being enlarges by nutrition from the yolk-glaml, and iinally 
receives a membranous shell. This true ovary is somewhat 
lateral in most liotifers, but is median in Asplanclinidae, and 
piired in Pterodina , Ildelloida, and Scisonaceoe. A membranous 
covering is common to the ovary and yolk-gland (paired when 
these are paired) ; it is continued into a thin-walled tube or 
oviduct, which opens into the cloaca on its ventral side beyond 
the bladder or common renal duct. In the viviparous species 
the mature ovum (Fig. 112, em) usually lies in the oviduct, 
dilating it into a sort of "uterus'” until the birth of the young. 
The ordinary eggs or “ summer eggs ” are formed without any 
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fertilisation, and develop immediately ; they are often hate-lied 
within the tube of the tuhieolous species. 

Under certain conditions the unfertilised females produce 
exclusively smaller eggs, which develop into males. Muupas 1 
has demonstrated that a rise, in temperature to a minimum of 
20° 0. (79° F.) is the eilicient factor. But as Bergendal points out, 2 
the critical tcmperuture probably varies with the. antecedent con- 
ditions of the race, since males occur in Greenland at a very 



Fitj. 113. hhjtean catcllinu. (After Wclwr.) A. Mule ; B, the pair in cnjnt/n ; 

C, female. j>, lVnw ; /»;, trsti.s. 

much lower temperature ; and it would simuii probable that a 
temperature approaching that at which the pools habitually dry 
up is what is necessary for the production of mules, as a provision 
for those fertilised eggs, which, having a hard shell often adorned 
with prickly prominences, ami usually remaining for some time 
before development, arc capable of withstanding drought; such 
eggs are termed "winter eggs,” hilt a better term would be 
" resting eggs ” (German, “ 1 hiucrcier ”). a 

The male organs consist of a testis (Fig. 113, A, tr) with acces- 
sory glands, a large seminal vesicle, and a protrusihle or project- 
ing penis (ji). In Xotummata and Uigleiui true intromission 
at the cloaca (B) has l>een seen by many observers; but it 

1 C. Jl. Ac. Sci. i:xi. 1890, p. 310 j cxiii. 1891, p. 388. 

3 Acta Vniv. Lund, xxviii. 1891-92. 

[3 g e6| however, Caiman, Natural Science, xiii. 1898, p. 43.] 
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appears equally certain that in many cases the male bores into 
the body-wull of the female at any point, and deposits the sper- 
matozoa in the body-cavity, so that they must pass through the 
wall of the oviduct to effect fertilisation. Maupas finds that 
the process of fertilisation is ineffective except upon such newly- 
hatched females as would otherwise Ixs the parents of small male 
eggs ; that fertilisation is inoperative even for these at a later 
age when their eggs have begun to mature; und that it is 
wholly useless for those that lay ordinury summer eggs. The 
parent of male or winter eggs would thus be comparable to the 
queen bee, which if not fertilised produces drones. These sexual 
relations find a close parallel in the Ost raced and Phyllopod 
Crustacea, as well as in many plant-lice (Homopteru). 

Development. — This has only been fully studied in the 
Hummer egg ; in Brachionus by Salensky/ in Mdicevta by 
Joliet 2 ; in Eosphora dhjitata and several other species by Tessin * ; 
in Ctdlidina and J fdiccrtn by Zclinku, 4 the last two observers 
having utilised modern methods of research. 6 We shall huso our 
account on Zelinka’s observations. As in the case of most 
“jMirthenogenetie” eggs, the ovarian egg begins by a very uneven 
division to form two cells: the minute “first polar body” which 
undergoes no further development ; and the definitive egg, which 
by its repeated divisions gives l ist; to the tissues and organs. 

Segmentation is very unequal, and recalls that of Molluscs 
in several respects. The. first division gives rise to a smaller 
and a larger cell. Doth of these divide again, the latter un- 
equally, so that now there are three smaller cells and one Large 
one ; and after re]>eated divisions of the small cells and unequal 
divisions of the larger one, a stage is reached where there are a 
number of small cells and one large one, which sinks in and is 
overgrown by the small ones. J list prior to this the large cell 
undergoes equal divisions ; its cells are the “ hypoblast ” cells 
(Fig. 114, hyp), and give rise to the gullet, stomach, aud intes- 
tine,, with their appendages, und the generative organs; while 
the smaller cells constitute the " epiblast ” (ep\ which gives rise to 
the body-wall and muscles, to the cement glands, nervous system, 
pharynx und mastax, und probably to the kidneys. 

1 ijcitschr. i mss, Zoot. xxii. 1872, p. 455. 9 Arch. Zool. Exp. ser. 2, i. 1883, p. 131. 

■ Zeitsehr. iviss. Zool. xliv. 1888, p. 273. 4 Ibid. liii. 1892, p. 1 . 

[ B Sew Further Jennings, Bull. Jlfiia. Harvard , xxx. 1898, p. 1 ; Krlanger and Lanter- 
born, Zool . Anst . xx. 1897, p. 462 ; and Lenaaen, Zool. Ans. xxi. 1898, p. 617.] 
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Owing to the elongation of the bod)' within the narrow* 
spice of the egg the hinder part is lient up on the ventral 
surface (I), E) ; and thin part, narrower tlian the rest, forms the 
foot, the centre of which is at first occupied by a column of 
hypoblast. The cloaca is now formed by a dorsal ingrowth 
of epiblast (the “ proetodaeum ”) at the junction of the foot 
and the body (an). The hypoblast in the body anterior to the 
cloacul ingrowth forms the digestive apparatus ; the part imme- 
diately behind forms the reproductive organs (ft); and the hind- 
most part apparently disappears. An ingrowth of epiblust at 
the extreme tip of the foot gives rise to the cement glands (J'y). 

la FlU. 1 1 4. — Development of 

Call hi inn. (Alter 
Zclinka.) A, Knrly 
stage showing involution 
of Kriiuiilur cells (//), 
to form the iiiahIiix or 
gizzard. B t Involution 
complete. C, Second 
involution of cpiblimt 
cells to form pharynx. 

D, The embryo bent on 
itself at wnt nil f.ihl (»;/'). 

E, Showing ingrowth of 
epibhiNt to form bruin 
(hr) : nu , involution of 
1 ‘pililn.st to form cloaca ; 
hr, brain ; t‘j>, epiblast ; 
./>/, involution to form 
cement glands of foot : 
#/, granular cells ; ///, 
gizzard ; hup, hypoblast; 
m, mouth ; i», ovary ; 
spi salivary glanda ; r/ t 
limiting bo«ly from loot. 

The muscles” arise from the epihlast cells. Tlie disc. arises from 
the modification of epihlast cells lateral to and liehiud the 
mouth, enclosing a so-called “ polar arm ” ; it is completed by 
the transforination of cells on the ventral side of the mouth. 
The brain (hr) is formed by the multi pi icat ion of epiblast cells ; 
and in Bdelloida a ventral ingrowth below the mouth forms the 
sub-oesophageal gaugliou. The ' ciliated cup in Melwerla is 
formed as a ventral hollow, only later on united witli the ciliated 
furrow of the wreath by the lateral grooves . 1 In Meliccrta the 
two eyes are formed in the polar area. The young as hatched 

1 It does not appear to as that Zclinka is justified by his account of the ‘ 
development in regarding this cup as other than a part of the disc. . 
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differs from the adult in the greater simplicity of its ciliary 
wreath ; and in the tubicolous forms the cupped end of the foot- 
glnud is ciliated, and two eyes are present on the polar area, 
which later sink in, and often disappear more or less completely. 
It is stated that the young hatched from winter eggs do not 
pass through this larval state. 


Classification . 1 

Order I. Flosculariaceae. — Females mostly tuhicolous, at- 
tached by a long contractile foot. Disc produced into a wide 
funnel-shaped contractile cup, produced into lobes with long 
setae (Flown/ aria) or coarse cilia (titejjhannceros), or entire (Ap- 
silidiic); an outer row of line cilia rarely present; trochus a 




A 



Fin. 115. — McjiJianocero* tick- 
hnniii. (Afu*r (Jul lit t.) A, Dor- 
sal view of the upper ]>art in its 
tulxj : a/, lateral antenna ; r, 
eye ; «w, developing emliryo in 
uterus ; //, gizzard ; median 
Nidi vary gland. B, Extremity 
of foot. C, Lateral view of base 
of disc. : it m, median antenna ; 
o/\ oral funnel ; 8.(j t median 
salivary gland ; 1j\ in the crop, 
indicates the ciliated tube pro- 
longing the funnel ; tr , horse- 
shoe-shaped trochus. 


horseshoe, open liehind. Oral funnel a slender tul>e hanging 
freely into a large pharyngeal crop ; trophi uncinate projecting 
freely into the crop. Kidneys often united by an anterior cross- 
piece. J tody -wall often containing a definite system of canals, 
filled with refractive granules, and serving by their contraction to 


1 The classification we have adopted is a modification of that made by 
Hudson and Gosse ; wo have divided up tlioir first Order Rhizota into two, and 
split oil 1 from Flosculariidue the family Apsilidac ; removed the Asplanclmaceae 
from the admittedly heterogeneous Order floima, made distinct families in the 
1’loinia for Microcodonidae and Rhinopidae, and created a third new Order for the 
Seisonnceae. Ehrculierg, Gome, and Hudson, being the authors of most of tl&o 
genera, are designated by their initials only. 
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dilate the disc. Males (Fig. 107, 1 ) and larvae vermiform with a 
ciliated jiedal cup, and a simple wreath, with two eyes on the disc. 

Fam. 1. Flosculariidau : Floarularia Okon, Stiphuiinrrros K. (Fig. 1 1 CA 
Earn. 2. Apsiliilno. : Aprilu* Mi't^limkofl' (Fig. 112, A), Acyrhi* Lririy, 
Atrovhus AViwzejski (Fig. 112, ( '\ 


The family Flosculariidue contains some most exquisite forms; 
Utephanoeeros , the “Crown Animalcule,” being probably the most 
lovely of the Class, and many of the VIoseules coming not far 
behind. The Apsilidae are mostly mud-dwellers. 

Order II. Melicertaceae. — Females (except in Trocho- 
sphttertt) attached or tubicolous ; tube variable. Disc, with a 
dorsal gap (except Comwhilu*) often two-lobed or corolla-like; a 
ventral lip often separating off a ventral 
ciliated cup continuous by a pair of gutters 
with the ciliated groove; trochus of 
stronger cilia than the cingulum. Troplii 
mulleoramate in a distinct mustux. Intes- 
tine much curved dorsally, eluaea long 
cversihlo (except Trnrhosp/iutra). Males 
and larvae as in Order I. 

Fam. 3. Muliccrtirim* : Mrlinrtn ft (Fig. llfi), 

Lint nitiH Sri nan k, Vrphtilnriphon 
FI, Uwistcii ft, Lttrin ulnritf ft, TVi; 

Mrffrthtrochfb ft, Cunwhilu* K., 

Octotrorha Tin »rpi». 

Fam. 4. Trodi<wi>liiu;riclnp : Trurhutphttera Fm. 11 <J. - MrfiWrftt. riiit/mx. 

lAlW -I* A, Skin 

vinw ; B, dorsal view. 
«/, Luli'ral niitaiiiiiK; ; r.i\ 
I’ingulimi wen by truns- 
(MinMicy ; //, gizzard ; j» % 
IK-lIet in riliittcd cup. 
almut to Ik* d(‘|Kmitv«l on 
edge of tulxt ; tr t troi lnis. 



Semper (Fig. 118, 1);. 


The Mel icer tidai! embrace u large, num- 
ber of tubicolous forms, many of which nro 
sociuL This habit is especially notice- 
able in Lucinuluria social is, which forms 
a gelatinous incrustation easily seen by the naked eye; and 
in Conochilus r air ox, which forms free-swimming globular aggre- 
gates, the yo ung attaching themselves when hutched to the 
centre of the ball, and the bull splitting up into two us soon 
as undue pressure is exerted at the periphery hy overcrowding. 
In this genus the eyes are very conspicuous in the adult, as 
they are in the similar free-swimming aggregates of Laeinularia 
racemovata. 

Trochosphacra (Fig. 118, D) is remarkable for its peculiar 



222 ROTIFERA V ' " :V *CHAjv 

spherical shape, the absence of a foot, the limitation of the 
viscera 'to tlie lower hemisphere, and the dorsal position of thf 
ovary. But a reference to the figure will show that the out- 
growth of a foot in the quadrant between the mouth and anus 
and the flattening of the upper hemisphere would bring its organs 
on the whole into close correspondence with those of the rest of 
the Order. It is recorded from South China, the Philippines, 
and North-East Australia, and has only l>een seen by Semper, 
the founder of the genus, and by Thorpe, who saw the male of 
the first species, and described a second. 1 

Order III. Bdelloidft. — Females creeping like a leech, as 
well as swimming (males unknown), susceptible of desiccation and 
revival (“ anabiotic Body telescopic at both ends. Disc, 
(except in Adinctd) chiefly composed of two dorsal lobes like 
kettle-drums, wholly retractile ; a dorsal proboscis or trunk-like 
prolongation of the body ends in a ciliated, sensory, and adhesive 
cup used in crawling, and overhung by a pair of membranous 
flaps. Troplii ruinate; brain with a ventral ganglion, forming a 
complete ring. Eyes, two on the proboscis or brain, or absent. 
Bladder a mere dilatation of the rectum. Foot often possessing 
blind spurs, as well as two or three retractile perforated toes, or 
forming a terminal disc i>erforated by numerous pores of the 
cement glands, rarely ciliated. 2 

Fain. 5. Philodinidae : PhUodina E. (Fig. 110), Rotifer Sclirank, Admit r us 
E., Callidina E. (Fig. 100), A (Hin t a H. 

This group is remarkable for the groat resisting powers of 
its members to drought and to heat and cold when dried, a fact 
which may explain the absence of males, though Janson records 
the occurrence of winter eggs in four species of Callidina and in 
Adincta vaya. The body is often strongly pigmented; red in 
Philodina roseola, Callidina scarlatina , and C. russeola, yellow in 
P. citrina , Rotifer citrinus' and 1 Hscopus synaptde. Most of the' 
species arc dust- or moss-dwellers ; some, such as Rotifer vulgaris , 4 
are equally common in organic dtSbris in infusions, pools, and 
ditches. IRscopu s adheres to the skin of the Holothurian Synajda. 

Order IV. Asplanchnaceae. — Females ovoid, footless except 
in Asplanchnopus. Disc often bearing a pair .of antennae ; circular; . 
often prolonged at the margin into two- rounded lobes, interrupted 

1 This second species has also been found in the Northern United States. 

9 This Order has been monographed recently by Janson in Abh. Vtr. Bren* , 
IkLxii. Beilage, 1803, p. . ■ '/ 
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dorsally, depressed at the ventral side into a deep ventral funnel. 
# Trophi incudate (virgate in Ascomorpha), mastax enlarged*dorsally 
into u wide crop ; stomach large, blind. Kidneys large, with a 
“ recurrent duct ” and numerous tags ; bladder large. Brain 
large, with a median qye, and frequently paired smaller eyes 
at the base of the marginal processes of the disc; anterior 
antennae paired, relatively far back on dorsal surface. Males 
(Fig. 107, 5) relatively large, frequently found. 

Fam. G. Asplanchnidae : Asplanchna 0., A^danchunpus De Ouerne, 
(?) Aacomorpha , Perty, (?) Dinopa Western. 

Order V. Scirtopoda. — Females of conical shape, with tlie 
body prolonged into hollow limb-like expansions (see p. 201) 
moved by strong muscles, and ending in blanched setose fins like 
the limbs of Crustacea. Disc os in Bdelloids, but not retractile. 
Foot represented by two subventral toes, ciliated, inconstant or 
absent. Trophi lnalleoramate. Eyes two, latero- ventral, on the 
disc. Male (Fig. 107, 8) conical, with simple setae. 

Fairf. 7. Pedalionidoe : Pedal inn II. (Fig. 117), 1 * 3 * * Hexarthra Schinarda.- 

Order VI. Ploima: — Free - swimming forms, more rarely 
pirasites, often adherent by their trophi to a host. Disc variable, 
often bearing within the cingulum a number of lobes fringed with 
coarse compound cilia. Foot rarely absent, marked oft* by a 
sharp constriction. Mastax variable, rarely malleoramate, never 
incudate or uncinate. Intestine not blind. Males small. 8 

Sub-Order A. Illoricata. — Ploima with a soft flexible integu- 
ment ; disc variable ; ciliated auricles sometimes present ( (Syn- 
chaetidae, Notommatidae) ; foot rarely absent; troplii usually 
malleate. 

1 See Hudson in Month . Micr. Jnum. vol. vi. 1871, pp. 121, 215, and Quart. 
Jour 71 . Micr. Set. (n.a.) xii. 1872, p. 333 ; Lantfestur, ibid. p. 338 ; Le vender in Act. 
Soe. Faun. Fcnn. xi. 1894. 

8 In Dtnk. Ak. Wien, vol. vii. 1854, 2 Abth., p. 15. As lias been suggested by 
Doby and by Daday, it is not impossible that Hexarthra is identical with Pedalion 
(and in this cose the latter name, os newer, should be supjjrcssed in favour of the 
former) ; but wo must suppose that Schmarda's figure of the front view is a com- 
bination, more or less from memory or notes, of two sketches or notes taken some 
i time before publication ; the one a side view somewhat obliquely flattened, show- 
ing tho two eyes as in Levander’s Fig. 3 ; the other a front view, showing the two 
pairs of lateral limbs in their correct positions under pressure. 

3 The male of Bhinopa vilrea is exceptional in possessing a complete, functional 

alimentary canal, with mastax, stomach, and intestine (Rousselet). That of Proalek 

yjemeckii has a mastax, but no intestine (Rothert). 
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Fain. 8. Microcodonidne : Minwodon E., MicrmwlideH Bergciidal. 

Fain. . 9. Rliinopiduu : lihinojw H. 

Fam. 10 . Hydutinidoe : Hydatim E. (Fig. 100), Xotvps IL, HiuUonelLa Each., 
Cyrtovia Rohrs. 

Fain. 1 1. Synclioeiidao : Synchaetu E. 

Fam. 1 2 . Notoinnmtidnc : Notommuta E., Plcurotrocha E., Cujmis G., ProaUn 
G., Furcularia G., Ensphom G., fnophthnlmun E., Diglena E. 
(Fig. 113), Dintevima E., Triphylm E., Tajihrocampa G., 
Alhurtia Duj., Bulat r a Clap. 

Fam. 13. Drilophugldue : iJnlophwjus Vcjdovsky. 

Fam. 14. Triarthridae : Triartkra E., Polyarthra E., Pttroesna G., Pedetes G. 
To this group belongs the eyeless Hydatim, a classical object 


Fio. 11 7. — Pedal ion 
mir inn, IV male. 
(After Hudson.) A, 
Ventral view : B, 
side view. r/ f Median 
antenna ; «/, uutoLo- 
lateral limb ; an, 
anus ; n\ cingulum ; 
r// v dorso-mediaii 
limb ; i\ eye ; /, cili- 
ated ])ednl processus ; 
/, lip ; m, mouth ; jj/, 
pastern-lateral limb ; 
(t\ troelius ; rt % vcii- 
tro-mediuu limb. 


of study, common in greenish pools, whose male was the first 
male Rotifer to be figured by Ehrenberg (1838), though lie did 
not recognise its nature, and gave it the name of Pntcroploea 
hydatim . llhinopn lias the back of the corona curiously pro- 
longed forwards into a sort of proboscis bearing two eyes. Some 
species of Notommata and Pranks are distinctly annulated ; in 
Tajjhrocamjm the segmentation is so marked as to give the appear- 
ance of mesenteric septa extending inwards from the body-wall' to 
tlie intestine. Microcodon has a wreath which U very peculiar 
in its extreme simplicity, with the mouth nearly central, and the 
eye lying just dorsal to the mouth. The Triarthridae, which 
resemble the . Scirtopoda iu having strong leaping spines fringed 
by fine bristles, should perhaps be placed in the next sub-Order. 
Sub-Order B. Loricate. — Ploima with a firm elastic. cuticle 
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(if definite form, persistent after deutli, continuous, or divided by 
thinner strips into plates or shields, which again may be areolated. 
The cuticle may also be shugrecned or embossed in various ways. 

Fam. IS. Rattulidae : Battulua E., Mastigocerca E., Coelopua G., JXwrella (7) 
Eyfurth. 

Fain. 16. Dinochariilidae : Dinocharit E., Scandium E., Stephanops E. 

Fam. 17. Salpinidoe : Salpina E., Diaschizu G., Ploeaoma Herrick, Diptax 
G., Diphi* G. 

Fam. 18. Euclilanididue : Euchlanis E., Dapidia (»., Apodoides Joseph. 

Fam. 19. Cathypnidae : Cathyjma G., Ditty la Eckstein, Monoatyla E. 

Fam. 20. Coluridae : Colurus E., Metopidia E., Muttura E., Mytilxa G., 
Cochleare G., Diepinthem G. 

Fam. 21. Ptcrodinidae : Pterodim E., Pompholyx G. 

Fam. 22. Bracliionidae : Brit chioniut E., Not tut E., Schizocerca Doday. 

Fam. 23. Anuraeidae : Anuraea E., Notholca G., Eretmia G. 

The group includes a number of very minute forms, besides 
others conspicuous both for size and lieauty. A soft dorsal flap 
above the head occurs in Stephmwp* ; also in Coluriduc, a large 
family of minute species, where the flap is movable, and looks 
in profile like a hook overhanging the forehead. The genus 
rtcrodina , like Pedalion and Tnarthrn , combines a Bdelloid disc 
with malleoramate trophi, while its exsertile wrinkled foot ends 
in a ciliated cup like that of a larval tubicolous species. 

JJrac/do7ius, a large, often flat, transparent form, with u long 
wrinkled foot, jh a very common genus, known to the earlier 
observers, and repeatedly figured by them. Pompliulyx has a sack-, 
like lorica, no foot, and carries its immense egg suspended by an 
elastic thread from the cloaca. The Anuraeidae lack the foot, 
and often have great spines or bristles projecting from the lorica, 
which no doubt facilitate floating. They are abundant in the 
“plankton'" or floating fauna of large lakes far from the shore. 
Many marine species belong to this family. 

Order VII. Seisonace&e. — Marine Rotifers parasitic on the 
Crustacean Nebalia; mal6s resembling the females. Body’ 
elongated, with a slender retractile neck, a much reduced disc, an 
elongated foot with a terminal perforated disc os in Callidina. 
Trophi virgate exsertile. Genito-urinary cloaca opening at the 
base of the neck in the male, at the hinder end of the body in 
the female. Intestine complete (Seison) or blind ( Pardseison )} 

1 For a foil account of this grrup see Claus in Featachr. Z.-B. Oea . Wien, 1876, 
p..ft ; and Plate in Jit. Stnt. Neapcl, vol. viL 1886-87, p. 234 ; Ann. Nat . Hist. 

. eer. 6, vol. ii., 1888, i». 86. 

:: * VOL. n . . 
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•Fam. 24. Seisonidae : Seism Grube ; Paraseism Plate ; Saccdbdella Van 
Beneden and Hesse. 


Habits. — The habitat of Rotifers is well known to the student 
of pond life. Every dip from a greenish pool will give us a ' 
supply, if there be not an excessive contamination by manure ; 
and such pools give us some of the ' largest and most beautiful 
forms, such as Hydatina and Bracliionus , swimming about among, 
the fibrous Algae and feeding on the organic debris among them. 
Almost any organic infusions freely exposed to the open air will 
yield Ploima shortly after the active putrefaction is completed. 
The finer water -weeds yield most of the beautiful tubicolous 
forms. A whole group of species and genera are qtfesi-pelagic 
in fresh and stilt water, constituting a large proportion of the 
"plankton” or floating life near the surface; and some of these 
are found in deep water or in the depths of the lakes. Among 
them are the Asplanchnidae, Triarthridae, and Anuraeidae. A 
number of Lorioates, such as Notliolca and Eretmia , are armed 
with long spines, which doubtless render floating easier. 

Among tubicolous forms Conochilns volvox and Lacinularia 
racemovata have this pelagic habit, forming floating globular or 
ovoid colonies, and two species of Flo&cularia also float freely in 
their tubes. 

The following forms occur in salt or brackish water , 1 those 
marked with an asterisk (*) also occurring in fresh water : — 


Floscnlaria campanulata .* Melicerta tubicolaria* Rotifer citrinus* 

Discopus synaptae. Synchaeta baltica , S. monopus, S. apus, S. tremula * S. 
longipes, S. tavina. Asplanchna girodi .* Asplanchnupus syringvidts. 

Hexarthra polyptera. NoUrmmiUa naias, N. reinhardti . Proales dveipiem . 
Fnrcularia forficmUi * F. gracilis, F. reinhardti, F. marina, F. neapolitana. 
Diylena cattllina* D. suilla, D. putrida ; Pteurotrocha leptnra . Distemma raptor, 
D. marinuirt , 1). platyceps .* Bothriocerca longicauda. Polyarthra platyptera* 1 
Triarthra longiseta* Rattulus calyptus . Diurella marina, D. brevidactylus, 
1 ) . brevis. Diaschim frctalis . Euchlanis tuna, Monostyla quadridentata, M. 

lunaris. Colurus aniblytelus, C. uncinatus,* C. dactylotus , C. coelopinus, C. pedatus, 
0. rotundatus , 0. truncatus, C. caudatus .* Mytilia tavina. Pterodina clyjteata. 
Brachionus bakeri* B. mulleri. Anwraea valga,* A. biremis ,* A.aculeata,* A . . 
tecta,* A. cochlearis.* Notholca striata,* N* scapha* N. thalamd, N. spinifera, "■ 
JV. inermis , N. jugosa, N. rhomboidea , « . Seism grubei, S. annulatus. Parasdson 
asplanchnus , P. nodus, P. proboscideus, P. ciliatus. Discobdella nebaliae. 

Thus about seventy speoies are reoorded as marine. Synchaeta 
baltica is truly pelagic, and contributes to the phosphorescence ' 
of the ocean. 

t 1 Eighteen xu^ore have sintfe been recorded.] . 





- Other forms again are parasitic. Proales werneckii is found 
; in Vaucheria, a coarse, .dark green, thread-like Alga found in fresh 
water ; and the closely allied P. parasita is not uncommon in the 
. beautiful floating green spheres of Volvox } Albcrtia , DHlo- 
phagus , and Balatro are parasitic on or in fresh-water Oligochaetes ; 
the curipus Seisonaceae are parasitic on Nebalia, a small Crusta- 
cean easily obtained in masses of whelk’s eggs; the aberrant 
Bdelloid Discopus attaches itself to the surface of the Holo- 
tliuriau Synapta. Similarly among this last Order Callidina 
parasitica attaches itself to the limbs of the fresh-water Crustacea 
Gammarus and Asellus . These are rather commensals than true 
parasites. The species of Bmchionas often attach themselves 
temporarily to the common water-flea Daphnia. 

Besides a few Ploima, the vast majority of the Bdelloids live 
in or among mosses and their roots. Many Call i (lira inhabit 
cup-like hollows in the leaves of the scale mosses (Jungerman- 
niaceue), especially of the genus Fnt/lania. Almost all the 
members of this Order tire susceptible of desiccation and revival ; 
certain species, such as Rotifer vulgaris, Philodina roseola , 
Ailineta vaga, etc,, can Ixj readily .obtained by moistening gutter 
dust. The mechanism of the process is as follows : when desicca- 
tion is gradual the animals close up their telescopic bodies and 
excrete gelatinous plugs at either end, which effectually seal 
them against further drying; if, however, they be dried on a 
slide without any debris, the process is loo rapid for them to 
protect themselves, and they therefore die. This was dimly seen 
by others, and clearly demonstrated by H. Davis, a who records 
the following experiment : — The Rev. E. J. Holloway, having found 
Fhilodina roseola in gutters, placed strips of paper there in the 
rainy season, and succeeded in obtaining clean gatherings, taking 
dry groups of a hundred together, having a varnish-like covering 
all over ; and being glued to one another, mostly in one plane, 

' and to the paper, forming a pavement. In the dry condi- 
.. tion they resist extremes of temperature ; thus Zelinka found 

1 1 have reoently found a large species of this genus dwelling in the shell of the 
■ large Cladoceran Crustacean, Eurycereus lamcllatua. It is remarkable for its power . 
J . of completely telescoping its extremities within the middle segments, and for, its 
immense foot-glands, both characters being doubtless ooirelated with its habitat 
; Rousselet identifies it with P. petromyzon. 

* Month. Mier. Joum . vol. is. 1873, p. 287 ; Joum. Quekett Club , ser. 2, voL 
,;.iLl*U-§6 a p.231. . ■' 
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Callidina revive after an exposure of —20° C. ( — 4° F. or 36° of 
frost), and immersion in hot water at 70° C. (158° F.). They will 
also resist deprivation of air in a vacuum of an ordinary air-pump, 
but not the all but perfect exhaustion of the Sprengel pipnp. 

A very curious fact in relation to this Class is that often 
when a new form is once described from a single locality, fresh 
and widely distant stations for it rapidly become known/ Thus 
Pedalion mirum , first found at Clifton in 1872 by Hudson, was 
a few years after captured in a small pool above tide-marks on a 
rocky islet in Torres Straits. Since then it has been recorded 
from many different European stations, and a second closely allied 
species has been found in Finland So a species of Ehrcnhcrg’s 2 
was not seen again till within the last decade or so ; but since 
then it lias been independently found and described by six 
observers, who have given it as many distinct generic names. 
In the case of Pedal ion it may well be that, as Hudson suggests, 
the species is of southern origin and has followed the Hag, the 
winter egg being conveyed in dust by ships or travellers. 

The above account of the habits gives the key to the collec- 
tion of the various forms. The weed-loving species are collected 
with the weeds, and will keep witli these in vessels if screened 
from direct sunlight and protected against dust. The free- 
swi mining forms may be collected by sweeping with a net oi 
fine gauze, with a bottle fixed in the bottom. 

Except for their power of resisting desiccation, Rotifcra are 
not very long-lived, and the males are especially short-lived ; the 
moat exact observations are those of Maupas on lfydatbm . He 
found that the greatest age of the unfertilised female was 
thirteen days, during which it could produce some fifty eggs ; the 
fertilised female lives for seven or eight days, producing about 
sixteen eggs ; while the male dies in two or three days. 

The preservation of Rotifers has been recently reduced to a 
fine art by Kousselet, who uses a solution consisting of cocaine 
hydrochlorate, 1 gramme; water, 50 cc. ; and methylated spirit, 
12 cc. This will keep without deterioration When in use it 

1 See Dr. Hudson's very suggestive presidential addresses to the Royal Micro- 
scopical Society, published in their Journal, vols. ix.-xi. 1889-01. 

a JSnchlanis fyncc-m . — This is clearly not an Buehlanis, and of the six names 
referred to — Ploesoma , f Tomphogaster , Oastropus , Gastroschiza , Bipalpus t and 
IHctyoderma — the first has priority, and the other five drop by the laws of zoolo- 
gioal nomenclature. 
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must be diluted in the proportion of two volumes to three of 
water. This, solution is added cautiously to the capsule in which 
the Rotifers lie, and they are watched till their ciliary motions 
slacken ; when this happens a drop or two of osmic acid solution 
( to 1 per cent) is added ; the Rotifers are then sucked up by a 
capillary pipette, and transferred to fresh water ; and then into a 
solution of “ Formaline ” diluted to contain 2-J per cent of formic 
aldehyde. In this solution they are transferred to shallow cells, 
ground out of the centre of an ordinary glass slide, covered with thin 
glass, and sealed. 1 Other methods of preparing Rotifers for minute 
study will be found in the papers of Plate, Tessin, and Zeliuka. 

The zoological affinities of the Rotifers have long been a 
subject of keen interest. As early as 1851 Huxley 2 suggested 
that they represent a primitive, form, preserved, with modifica- 
tions, in the larva of Molluscs, Annelids uml other worms, and 
Echiiiodcrms. Similar views were later maintained by Lan- 
kester, 3 who termed the larva of Polvchacts, etc., a “trocho- 
Hphcre" for which “ trochophore ” has been substituted in order 
to avoid confusion with the Rot ifer Tvuchuxphacm ; Ralfour, 4 
Hatschek, 5 Kleinenberg,' ,, and others have developed these views. 
Serious difficulties, however, arise in the detailed comparison 
of Rotifers with this type; and the special students of this Class 
have found it practically impossible to agree in the identification 
of the various parts, a difficulty especially felt in the case of the 
Eolifcrnn genus Tvodtoapharra, though this is just the one which 
presents the closest su|>eriiciul resemblance to the Trochophore 
larva. I have been induced to take a view of the structure of 
Rotifers that brings it into close relationship with the lower 
Platylielminthes, and with the more primitive larva of the 
Ncmertines termed Pilidiim (Fig. 00, p. 113). This is hemi- 
spherical, ciliated all over, with the mouth in a ventral funnel 
lined by fine cilia ; while the edge is fringed with two rows of 

1 Journ. Quckctt Club , scr. 2, vol. v. 1892-94, j>. 205. 

,J TrjpLUH. Micr. Hoc. (n.s.) i. 1853, ]>. 18 (read Dec. 31, 1851): “We may nay, 
therefore, that the Rotifera arc organized upon the plan of an Annelid larva. ... I do 
.not hesitate to draw the conclusion . . . that the lloiifp.ra are the permanent form* 
of Echinudcrm larvae , and hold the same relation to the Echiiiodcrms that tlio ITydri- 
form Polypi hold to the Medusae, or that Appcndicularia holds to the Ascidians." 

* Quart. Journ . Micr. H fct. (n.s.) vol. xvii. 1877, p. 399. 

4 Ibid, (n.s.) vol. xx. 1880, p. 381. 

B Arb. Z. Inst. Wien, vols. i. iii. v. 1878-84 ; Lehrbueh dcr Zooloyic , part iii. 1891. 

6 Zeitschr . wise. Zool. vol. xliv. 1886, p. 1. 
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strong cilia, separated by a finely ciliated groove, like those of 
the ciliary wreath of a Rotifer. The sides are ^.produced 011' 1 
either side into lappets, which we do not take into account. A. 
cup-shaped depression- at the apical pole is lined by sense-cells, 
bearing long cilia which are probably sensory. A ring of nerve- 
cells passes within the ciliated rim of the hemisphere, and the 
stomach is a blind sac. If we compare this organism witli a 
Rotifer, we find that the wreath corresponds in both, the funnel 





Fiu. 118 . — Diagram explaining the 
posMible relationH of Rotiferx. A, 
PUirlium ; B, hypothetical Rotifer 
modified from Asplanchnnjtua ; C f 
a Ploimal Rotifer ; D, TrttcJutgphamt 
aequiitoriali* (modified from Semper, 
the extension of 'the ovary into 
the posterior ventral quadrant 
being omitted) ; E, Mollusc larva 
(Veliger) ; F, Trochoplioro larva of 
Annelid. a, Anus ; op % apical 
organ ; median antenna (near 

which, in B, is a black spot, the 
brain) ; bladder (receiving the 

ramified kidney in B, C, and D) ; hr, 
brain ; /, foot ; fg, cement-glands, 
replacing apical organ ; g, ovary ; 
A, kidney ; m, mouth ; n % supra- 
oeaophageal ganglion ; nap, nerve 
of apical organ; wr, nerve-ring ’in 
section ; jtot, praeoral portion of 
trochus ; a.g, shell-gland ; #.?*, sub- 
oesophagenl ganglion ; /, trochus or 
eiliary wreath ; tU posterior ciliated 
ring ; i\ velum, or expanded prae- 
oral part of trochus. 


of the disc in such forms as Flosculariidoe and Microcodon lead- 
ing to the mouth of Pilidium , while the gut is blind in Asplanch- 
nidae and in some of the highly developed Seisonidae. The 
circular nerve-ring of Pilidium is iu many Rotifers only repre- 
sented by its anterior part, the brain ; though in Iklelloids a sub- 
oesophageal ganglion completes the ring. This leaves a difficulty . . 
witli regard to the apical sense organ ; but it is easy to understand 
tliat an organ of sensation should become an organ of fixation. In . 
this cose the foot with its glands would correspond to the sense, 
organ of the Trochophore larva; and it retains its 1 primitive ciliated^ . 
character in the larvae and males of many Rotifera, and the adult 
female of Pterodina and Callidina tetraodon. Embryology tells ' 






US- that the anus of Rotifers cannot be homologous with that of 
Annelids, etc., for it is formed outside the area of the blastopore : 
it is an independent formation, probably due to the coalescence of * 
the . originally blind intestine at its extremity with the earlier ' 
geiiito-urinary cloaca. On this view we must change the orienta- 
tion of the Rotifer, and place it, like a Cuttlefish, mouth down- 
wards: for “anterior and posterior” we must substitute oral (or 
lasai) and apical ; for “ dorsal ” and “ ventral ” wc must use 
anterior and posterior ; while “ right ” and “ left ” are unchanged. 
And this correctly expresses the actual space-relations in those 
Ploima like liattulus that swim with their disc in contact with . 
the organic debris on which they feed, with the foot turned out- 
wards and backwards. As these views are now published for the 
first time, I have thought it wiser to keep to the accepted rela- 
tions in the general description, a course which has the advantage 
of avoiding difficulties in the study of the literature of the Class. 

The supposed resemblance of PedaUon to the Crustacea is 
probably the result of convergence, not of consanguinity. 1 The 
Polyzoa are a group of freely-budding organisms whose structure 
otherwise recalls in many respects that of the attached Rotifers ; 
but a close investigation reveals so many differences in structure, 
orientation, and development, that we cannot regard the two 
groups as at all closely allied. 

Thus the Rotifers may l>e regarded as a group apart, but prob- 
ably representing an early offshoot from a free-swimming Platy- 
helminth, probably a Rhabdocoele ; the modifications being the 
loss of the general ciliation of the surface, the arching of the 
back into an elongated vault, the conversion of the inner half of 
the pharynx into a gizzard, the change of position of the genital 
and urinary apertures to the antero- dorsal surface, and the 
opening of the intestine into the genito-urinary cloaca. 


Gastrotricha. 

This small and very homogeneous group consists of minute 
- fresh-water organisms, closely resembling many Ciliate Infusoria 
in their movements, habit and habitat. They were first described 
in detail by Ehrenberg, and placed by him and Dujardin in 
... the neighbourhood of Rotifers. In recent years A. 0. Stokes 1 
‘■ .v . 1 Th& Microscope {Detroit), 1887*88. 
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in America and C. Zeliuka 1 in Germany have contributed, the 
former a careful description of a number of new species and tlieir 
habits, the latter a complete monograph of every tiling that is 
known of the Order. 

The Gastrotricha dwell among filamentous Algae and organic 
debris, and are of frequent occurrence with Protozoa and Eotifera 
of similar habit. The largest known measures only 400 fi ( { f (i 
in.) in length, and the smallest run as low as 74 p ( 3 J- rt in.). 





Fk. 119. — OoHtrotriclift. (From Zclinka.) A, Chncfonvtus htgdmmriL side view (after 
Suhimkuwitcli); B, (tnsmu onfetniigrr (uftcr Gossc) ; C, JJaaydetca ynuiathrU (after 
Gosse) ; D, IkunjUttex soiiitan* (after Stokes) ; E, 1). hntijMtmm (after Metsrhni- 
kotf) ; F, C/ia&aitnlHii uphiuhwn* (after Stokes) ; G, ChnrUmrtvs ttcJndfzai (after (iossc 
ami BUtschli). (Muguitted.) B-F, x about 390 ; G, x about 125. 


We shall follow Zeliuka in his description of the common 
species ChactonoUiS lavas as a type. The body is nearly circular 
in station, llattened a little on the ventral side. The apertures 
are the terminal mouth ; the anus, nearly terminal and slightly 
dorsal ; the two kidney openings, ventral, nearly half-way down 
the trunk ; besides the pore of a cement-gland on either terminal 
process. The short ventral and post-anal portion of the trunk 
with its processes therefore corresponds to the foot of a Kotifer. 
The integument of the body is* a thin nucleated liypoderm, not 
1 Zrituchr. was. Zool. xlix. 1890, \u 209. 
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distinctly divided into cells, covered by a chitinised cuticle ; it 
bears cilia, sensory hairs, and j>eculiar scale-like processes, some- 
times produced into long bristles. 

The cilia are chiefly arranged in two ventral liands, each 
extending nearly the whole length of the body, and composed of 
a series of transverse rows of single cilia ; along these bands the 
hypoderm is thickened and more richly nucleated. The sides of 
the head also bear numerous long cilia. 

The scales are hollow processes of the cuticle overlapping 
from before backwards. A ventral row lies between the ciliary- 
hands ; two series of alternating dorsal rows lie cm the back and 
sides of the animal, and in the hirsute species it is these that 
arc produced backward into bristles. A single large scale, the 
“ frontal shield,” protects the head above and liehind, but does not 
extend down to the ventral surface. On either side of tint head 
is a pair of flattened oval areas, the " lateral fields.” From between 
these on either side springs a tuft of motile sensory hairs. Two 
pairs of similar tufts arise dorsally on the front margin of the frontal 
shield, and a fourth pair spring from the ventral surface a little 
behind the mouth. These hairs are distinguished from ordinary 
cilia by their length, and their insertion on large nucleated cells 
receiving nerves ; two pairs of similar hairs lie farther buck on 
the dorsal surface, one in the front of the neck, one near the 
base of the pedal processes. 

The muscles lie some in the Inaly-wall, and some traverse 
the body-cavity; only six pairs occur, simple, linstriated, and 
longitudinal. There are neither transverse nor circular muscles. 

The alimentary canal is very simple and nearly straight 
from mouth to aifus; it may l>e divided into pharynx, gullet, 
stomach, and rectum. The mouth is circular, and looks forwards 
and a little downwards. From the mouth opens the pharynx, 
a short ehitinous tube, capable of eversion, by being pushed 
forwards by the gullet; it bears half-way down a circlet of 
curved hooks, which open out when it is everted ; within these 
are tooth-like thickenings. 

The oesophagus or gullet is thick and muscular, extending 
through the whole of the neck of the animul ; its cavity, as well 
as the opening from the pharynx, is triradiate like a leech-bite, 
but can be dilated by tlie action of the muscular walls, inserted 
into a firm external cuticle ; the internal wall is also cuticulised, 





not ciliated as in Rotifers. The hinder end of the gullet is' 
produced into a short, wide, membranous funnel projecting freely 
into the midgut or stomach. The latter is elongated and oval, 
composed of four rows of hexagonal cells, with large nuclei. 
This is separated by a distinct constriction or sphincter from the 
short pear-shaped rectum, which opens by a minute anus on the 
back just in front of the pedal processes. 

The food is chiefly organic debris ; but Gastrotricha have been 
seen to attack large Infusoria by nibbling, and to swallow the 
protoplasm as it exudes from the wound in their prey. 

The nervous system is chiefly composed of the large brain, 
a ganglion lying like a saddle above and on the sides of the 
gullet, and in direct continuity with the nerve-cells of the 
cephalic sense-hairs. A pair of dorsal nerve-trunks extend along 
the whole length of the gullet. The sense-liairs described with 
the general integument may be organs of external taste (“ smell ”) # 
or of touch. Eyes have been described iu several species ; and 
though Zelinku has failed to verify this, I lia^e myself ' seen a 
pair pf minute red eyes in the back of the head of an animal 
(probably a Chaetonotm ), whose hasty escape into a mass of 
ddbrfe prevented iny determining its species. 

The kidneys are paired tubes lying at the sides of the front 
of the stomach, and sending a simple loop into the neck. a Each 
tube is much convoluted, and ends at the one extremity in a long 
" flame-cell,” like that of a Rotifer much drawn out, and at the 
other by a minute pore on the outer side of the ventral row of scales. 

Reproductive Organs. — Only the female is with certainty . 
known tg occur ; and the eggs, though recalling in their thick 
ornamented shell the fertilised winter eggs of Rotifers, are 
probably unfertilised and parthenogenetic like the summer eggs. *' 
The ovaries are two minute patches of cells lying at the junction 
of the stomach ^and redtum. The eggs, as they mature and 
enlarge, press against the side and bade of the stomach, where . 
they attain a length of one-third to one-half that of the mother. 
The extrusion of the egg has not been observed; but it " is 
laid in the angles of weeds, the moulted shells of Entomostraca, 
etc., where its development may . be studied. The sculpture of 
the shell serves to anchor it if laid among weeds. . When hatched J. 
the head, trunk, and pedal processes are of the full adult size/ 
all subsequent growth being limited to the neck. ^ 




The function of testis has been ascribed by Ludwig to a 
minute granular OTgan between the ovaries above the rectum ; if 
this view be correct the Gastrotricha are hermaphrodite. 

The movements of the Gastrotricha are very elegant, recalling 
those of the long- necked Ciliate Infusoria, like AmphUepttia, 
Lacrymaria, etc., with the characteristic exception that they 
always swim forwards ; the grace of their movements being due 
to the bending of the head and neck on the body. Those whicli 
are provided with long motile bristles like Daaydetea, alternate 
their gliding with leaps, like the springing Rotifers. 

The Gastrotriclia are divided into two sith-Orders — EUJCHTIIY- ' 
dina, with two pedal appendages, containing the genera Ichthy- 
dium Ehr., Lepidoderma Eel., Chaetonotvs Ehr., and Chaetvra 
Metsch. ; and the Afodina, with no pedal appendages, com- 
prising Dasydetes G. and Gossea Zel. 

, Their geographical distribution, like that of most microscopic 
fresh-water organisms, is cosmopolitan. Eew observers have 
enumerated the members of this group ; of their extra-temperate 
occurrence we have only the single observations of Ehrenberg, 
Schmarda, and Voeltzkow for Nubia, Ceylon, and Madagascar 
respectively. 

Of the thirty-two species described, twelve are recorded by 
A. C. Stokes from Maine and New Jersey only, besides five 
others that occur also in Europe. In Europe nineteen species 
are recorded, one of which, Ichthydium podwra, has also been 
foutid in Nubia and Ceylon. One. species, Chaetonotns tabidatm 
Schmarda, has been recorded by its author from Colombia (in 
South America). As of the nineteen European species only 
seven have been recorded ns British, we may expect to find that ' 
careful study will well repay the student in these islands. 

The nfflnitiM of this group are probably with the Turbel- 
larians and the Nematodes; they differ from the former in 
the highly developed alimentary canal, and from the latter in 
the possession of the ciliated ventral bands and wreath. The. 

. general chitinisatiou of the skin, . the primitive body-cavity/ 
tfr® char acter of the alimentary canal, the ventral opening of 
the renal canals far in front of the anus are characters Sliared ' 
the Nematodes, many of which possess bristles like thiB 
group. . But their affinity must be rather’ to some hypothetical 
■ancestral group than to any living Nematodes, which are destitute, ' . 
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of cilia. To the Rotifers the affinity, dwelt on by Zelinka, is 
less close. 

Einorhyncha. 

This Class and Order comprises but one genus, Ech inodcrcx 
(Fig. 120), founded in 1851 by Dujardin. 1 Ueinhard’s mono- 
graph 2 is the generally accepted authority on this subject, and 
contains a full bibliography, with diagnoses of the individual 
species, eighteen in number. 

The animals of this group are found in shallow seas with 
muddy bottom, below low-water mark, and feed on organic 

debris. They have licon 
taken in the IHack Sea, 
Mediterranean, British 
Channel, and North Sea, 4 
and oil* the Canary 
Islands (Lanza rote, 
Porto Pi, Palma di 
Mallorca). Their size 
varies from 0’8G 111 m. 

X 0’22 mm. in Jichina- 
tlnrs $])inniWH % to O’ 14 
min. X 0*0;> mm. in ./?. 
Ivicalevs/tii* 

The. body is pro- 
tected by a strong ohit- 
Fio. 120 . — EchiiuHletvs dujanUn ii ( ?), drawn from a . . . . . . 

preserved specimen taken at Worthing, x about moilS cuticle distinctly 
210. h t Bristle ; r.s, caudal spine ; j>//, pharynx ; uilliulated, forming 
h and s % the spines on the two segment* of the , . 1-1 

proboscis ; salivary glands ; */, stomach. eleven rings, besides a 

retractile proboscis . 
obscurely divided into. two segments at the apex of which the 
mouth opens. The anus opens on the extreme end of the last 
segment, which is frequently retracted ; the genital pores open 
right and left of the anus ; and the renal pores lie on either side 
of the kick of the ninth segment. The first ring may be un- 
divided, or else distinctly divided into four plates, one dorsal. 



1 Ann . Sri. Xat. ser. 3, vol. xv. 1851, p. 158. 

* Zcifackr. iriaa. Zool . vol. xlv. 1887, pp. 403-407, t. xx-xxii. 

8 The breadth of the latter h estimated from Reinhard’s figure. 
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two la ter o- ventral, and one ventral. Tn the remaining segments 
each ring has only three plates, one dorsal and 'two ventral, the 
two latter being sometimes more or less fused in the last or ventral 
segment. These plates all overlap from before backwards. 

Ah the name JEvhinoilcres implies (Thorn-skin), the cuticle 
is produced into points, bristles, or spines. The last segment 
frequently bears a large, pair of these, which have been compared, 
on the flimsiest grounds, with the f ureal processes of Crustacea 
and the perforated toes of [Rotifers and (iustrotriclm. 

The proboscis when extruded has the form of a truncated 
cone, obscurely divided into two segments, a ring of strong spines 
marking the boundary between them, and a second double, ring 
of spines surrounding the apex. The eversion is of the types 
termed by I^mkester pleuremholic or acrecbolic, the sides being 
first withdrawn, the ajx»x first extruded. 

As in so many Invertebrota, Llie epidermis is not separated 
by boundaries into distinct cells. This layer sends out processes 
each of which lies in a hollow in the thick cuticle, and perforiitcs 
it to end iii a fine bristle. Minute orange pigment -granules 
occur at irregular intervals in this liypodcnn. 

The muscles of Ec/iinodrivs are simple striated bands. 
Numerous bands lie. within and attached to the body-wall, extend- 
ing its whole length ; paired dorsi-ventrul muscles separate the 
intestine from the reproductive organ on either side, and a 
complex system effect the movements of the proboscis. 

Alimentary Canal. — The pore at the tip of the proboscis 
leads into a short thin-walled tul>e, which is rarely evaginated ; 
into the base of this tulxi projects the short bluntly conical apex 
of the large ovoid muscular pharynx (or gullet ?) ; this is lined 
by an epithelial layer of nucleated protoplasm, which secretes a 
strong cuticle. The stomach is a wide tube, somewhat dilated 
in each segment between the paired dorsi-ventral muscles, and 
tapering behind to end in the terminal anus. Four minute 
glands open at the junction of the pharynx and stomach. 

Kidneys. — These are a pair of blind pear-shaped sites, 
ciliated within (the only case of oiliation in Echinotleres ), lying 
in the eighth segment, and opening by the taper ends right and 
left on the back of the ninth segment. 

Nervous System. — All that has been clearly defined of this 
is a small brain or ganglion lying dorsally at the junction of the 



pharynx and stomach. From two to eight eye-spots have been- 
dcscribed by easier writers, but Eeinliard was unable to find 
them in the (distinct) species which he principally worked at, 
though lie noted their existence in the solitary specimen of the 
original species, & dujardini , which he obtained. , > 

Reproductive Organs. — The sexes are distinct. The repro- 
ductive glands form a pair of tubular sacs, opening ventrally on 
either side of the anus, and extending forwards beside the gut as 
far forwards as the fifth to the second segment in the male, but 
only to the fourth at furthest in the female. The ova are large 
nucleated cells embedded in the protoplasmic lining of the 
ovarian sac, and acquiring a distinct shell as they approach its 
opening. Three-quarters of the testis sac is occupied with 
granular protoplasm containing a quantity of smull nuclei ; the 
lower jwirt alone contains mature s}>ermatnzoa. Adjoining each 
external opening in the male are a pair of short hollowed spines, 
which may perhaps serve as organs of copulation ; but nothing 
is really known of this process or of the development of the egg. 
It is almost certain, from the absence of developing' eggs within 
Echinoderes, that the genus is not viviparous. 

From the foregoing description it is obvious that Echinoderes 
approaches the Nematodu very closely : the two main points of 
difference ore itB ciliated kidneys and its bilaterally paired sexual 
organs. Poqpibly the study of such forms as JDesmoscolex (Fig. 
81, p. 159) may reveal closer affinities. y 

[Zelinka (Verh. D. Zool, Go., 1894 and 1898), lias given a preliminary 
account of a new research on this group. The principal addition is the dis- 
covery of a ventral nerve-cord, with a ganglionic dilatation in each segment, 
lying in the ectoderm of the body-wall, os indeed do the brain and nerve- 
collar. He divides the genus into two Orders according as the orifice of the 
retracted fore-part of the body is slit-like or circular. The former (Homalor- 
hagae) retract the first two segments with the proboscis; they arc mud- 
dwellers, sluggish, eyeless : the latter group (Cyclorhagae) only retract the 
first segment, with the proboscis ; they crawl among algae, and mostly have 
paired pigmented eye^spots, each with a lens, imbedded in the brain. — M. H., 
Jan . 1901.] 
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CHAPTER IX 


THK CIIAKTOPODOU8 WOltMS — TUB AUCHIANNEMDA — ANATOMY OP 
XKRMX, AS TYPICAL OF TUB POLYC1IAKTA 

Those animals which possess lateral bundles of bristleB (techni- 
cally termed “chaetae”) for use in locomotion constitute the 
group of “ Bristle-worms," or Chaetopoda. The body of these 
unitimLs is made up of a preoral lobe or prnstomium, and a nuiulier 
of more or less distinct segments following one another in u line, 
and repeating one another in their interim] and external structure. 
The Chaetopoda embrace the following smaller groups or Orders : 
— -I. Archiunuclidu, IT. I'olychacta, III. Myzostomaria, IV. 
Olignchuetn. The Archiunuclidu, although without the charac- 
teristic cliaetue, are yet anatomically so similar to the true 
Chaetopoda that they must Ik 1 included in the group, just us 
certain fishes are dus&d us “ Vertehrutu,” although they do not 
possess vertebrue. The old term Annelida is sometimes used to 
include the above-mentioned groups, together with the Gephyreu 1 
and the Hirudinea or leeches. 

Order I. Archiannelida. 

The Archianuelida are very simple worms, but simplicity may 
' lie, and .very frequently is, the result of degeneration ; ami it is 
not always possible to determine whether a simple animal is 
primitively, i.e. ancestrally simple, or whether it is secondurily 
simplified. Hence the team Haplodrili has been employed by 
Professor Lankester os the name of the group ; a term which does 
. not prejudge the question as to whether or not the worms are 

1 The Echiuroid Oephyrea (see p. 434) are by some authorities considered to be 
a division of the Chaetopoda. 

voL n b 
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“primitive.” It is quite possible, and even probable, that JHtio- 
philus is ancestrally simple ; whilst many features in Polytjordiv ft 
appear to be the result of simplification. For this reason it 
would be well to separate Dinopliilus from the other two genera, 
on account of its much less elaborate and more generalised struc- 
ture, — so generalised, in fact, that the worm is by some authorities 
placed amongst the Flauarians; for the present, however, the 


n. 1 21 . — Dinoph il us taeni - 
ft tits. (From Harmer.) The 
left figure represents the 
dorsal Nurture of a young 
individual, x 70 ; the 
inouth ami alimentary tract 
are seen liy transparency : 
p, pmstoniiuiii, with two 
bands of cilia and a pjiir 
of eyes ; ft, anus ; /, 1 nil ; 
1 to 5, the segments with 
ciliated hands. The right 
figure shows tlm anatomy 
of the male, x 38 : K 
rectum ; r, laxly- cavity ; 
r/, vas de fere ns ; in, 
muscular organ (pharynx) ; 
/*', the first licphridiijin ; 
or, entrance to oesophagus ; 
p, penis ; st, intestine 
(stomach) ; s..t\ seminal 

vesicle (5th nephridiuni ). 


group Archiaimclida may be regarded as containing three genera : 
Ui/iophilm, Protodr ll tt ft , and Poly fjord ins . 1 

Dhiophilmt is represented on our coasts by at least two 
species : J). yi/jns Weldon 2 anil D. taeniaim Harmer . 3 The . 
latter is about one-twelfth of an inch in length, bright orange in 
colour, and mom or less abundant, at springtime, in the. rock 
pools around Plymouth, where it may be found amongst green . 
algae, or on the mud at the bottom of the pools. 

1 Another worm, Histriobdclla ( Jlistriodrifus ) homari, which is jaraaitic on the 
eggs of the lobster, ami which occurs on our coast, lias lieen placed amongst the 
Arcliiannelida. It is a minute form, with peculiarities in its anatomy which render 
its ullinities uncertain. 

8 Quart. J. Micr. Sci. xxvii. 1887, p. 109. 

3 J. Mar. Biol. Assoc, vol. i. (n.s.) 1889-90, p. 119. 
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The animal consists of a broad prostomium, with a pair of 
eyes ; and of a body, distinctly constricted in immature speci- 
mens into live or six segments, followed hv a short conical tail. 
There are neither chaetae nor tentacles; locomotion is chiefly 
effected by means of the bands of cilia which encircle the body 
in a regular fashion, two bands round the head, and two round 
each segment in JK Uuminta a; in some species there is only a 
single band on each segment. The whole of the ventral surface 
is covered with cilia, ijy the aid of which the animal probably 
“ creeps ” along the weeds. 

The. alimentary canal is straight, ami divisible into the regions 
shown in Fig. 121: a muscular protrusihle organ, which is a 
ventral outgrowth of the foregut, is employed us a fl sucker.” 
The coelom is more, or less obliterated (or ill developed). The 
excretory system in the genus is varied: in some species, as in 
IK f/ifffts , it is stated to be constructed on the Planarian plan ; in 
others, as in IK taoiintuR, the organs are definite nephridia. Of 
these tubes there are five pairs, the last pair in the male serving 
as a seminal vesicle. Each nepl iridium is a ciliated lube, the in- 
ternal end of which lies in the body -cavity and ap]>ears to Iks 
blocked by a ciliated tongue-shaped appendage. The first pair 
corresponds to the "larval nephridia” of ‘Tmchosphere larvae. 

The nervous system, which is in contact with the epidermis, 
consists of a brain in the prostomium, and, on each side of the 
body, a ventral cord with five ganglia, connected by transverse 
commissures in as many segments. 

The sexes are separate, and are usually similar ; the male of 
IK fft/mciliftt.wi is, however, much smaller than the female*. The 
generative organs occupy the greuter part of tilt; body-cavity ; in 
the male the testes communicate, by means of the pair of seminal 
vesicles, with a median cversihlc apjuiratus. In the female the 
paired ovaries communicate with a median sac which serves as a 
spmnathecu. 

The development is simple : 1 the worm itself is more like a 
larval Polychaete than a full-grown worm. IKnophilus is an 
extremely interesting form, and it has l)een suggested that, while, 
still possessing certain Planarian characteristics, it may be looked 
upon as closely resembling title ancestor from which the Chaeto- 
poda have arisen. 

1 Schimkewitsch, Zeitschr.f. 1 visa. Zool. lix. 1895, p. 46. 
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Protodrilus and Polygordius are distinctly Annelidan in 
character. Protodrilm 1 is found in the mud of the “ Pantano,” 
an inlet of the sea hear Messina ; whilst of Polygordius 8 one 
species at least occurs on our shores! and several others in the 
Mediterranean and elsewhere. The worms are cylindrical, with 
many segments, but these segments arc only indistinctly marked 
externally — by girdles of cilia in Protodrilv * , or by faint grooves 
in Poly gor dim; but there are none of the characteristic Chaetopod 
bristles or chaetoe. The small prostoiitfum which overhangs 
the mouth is provided with a pair of ciliated pits, and carries a 
pair of tentacles, serving as sensory organs, which, in Protodrilm, 
are also respiratory. The anus is surrounded by glandular 
papillae in Polygordiu s, by means of which the animal cun fix 
itself; these are represented in Protodrilu* by a couple of processes. 

The nervous system lies entirely in the epidermis. The body- 
cavity is regularly segmented by truusverao septa passing from the 
body-wall to the intestinal wall. The foregut presents a slight 
eversible portion in Polygordim, whilst in Protodrilm it has 
a peculiar U-shaped muscular diverticulum on its ventral surface, 
corresponding with the similar apparatus in Dinupkilm ; it is 
capable of eversion, and aids the worm in burrowing, as well as 
iu seizing and swallowing the mud. The vascular system is re- 
presented by a dorsal and.a ventral vessel, lieitlier of which, how- 
ever, is contractile. In Protodrilv/s the. dorsal vessel divides into 
two bruuches in the first segment, each of which passes to the tip 
of the tentacle, and returning, joiiiH its fellow to form the ven- 
■ trul vessel. In some species of Polygordius there is a pair of 
vessels connecting the dorsal and ventral vessels in every segment, 
but no vessel to the tentacle. The blood is colourless in some 
species of Polyyordiu but may lie yellow (P. v rapolitunus), red 
(P. lactem ), or green (P. eiythrojdUhalmm). Paired nephridiu, 
with distinct funnels, occur regularly throughout the laxly. 

The sexes are separate in Polygordius , whilst Protodrilm is 
hermaphrodite, bearing ova in the first seven segments and 
testes in the remaining segmeuts. The genital cells are produced 
fijoni the body-wall in every segment ; their mode of discharge is 
unknown in the male Polygordius, though probably the nephridiu 

m 

1 Ilatachek, Arb. Zed. Inst. H'icn, iii. 1881, p. 79. 

* Fraipont, “Le Ccnro Polygordius,” Fauna «. Flora des Oolfia v. Ncapel r * 
Alonogr. xir. 1887. 
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convey the spermatozoa to the exterior; but in the female the body- 
wall ruptures to allow the ova to escape, and then the animal dies. 
The development of Polyyordius lias l>een made the subject .of 
very careful study; the larva has long been known, and is a 
typical “ trochosphere ” of rather a depressed form. This 
“ trochosphere 19 larva is of considerable importance, as it makes 
its apjiearance in sundry groups of animals in some; form or 
another. Here, in Polygon! in*, it bus the appearance of a couple 
of wide but low cones united together by their buses, which form- 
the equator of the larva. This equator curries a double girdle 
of cilia, dividing the Animal into a preoral and postoral region ; 
for the mouth is placed on one side of the animal lictwcen the two 
girdles, while the anus lies at the apex of the postoral cone, and 
is surrounded by another girdle of cilia. The alimentary canal is 
divisible into three regions ; it is siquirated from the body-wall by 
an extensive space, which contains cells destined to give rise to 
muscles and nephridiu. A nervous system (apical plate) is present 
at the apex of the preorul cone. This little larva swims freely 
on the surface of the sou, moving, balancing, anti feeding by 
means of the girdle of cilia. It soon increases in length by the 
active growth of the apex of the postoral cone, which becomes 
cylindrical .and then segmented externally and internally. The 
greater part of the original larva remuins of the same shape as 
before, and forms the head (prostniiiium-and peristomium) : small 
tentacles grow out of the preorul lolie, anti after a gradual 
reduction in the relative size of the “ head ” by the growth of 
the segmented “ body,” the animal becomes worm-like and develops 
into a Polyyordius? 


Order JL Polychaeta. 

Anatomy of Nereis. — In order to obtain a general idea of 
a Polychaete worm, it is well to study a concrete example, and 
for this purpose the common Nervi* serves excellently. Several 
species (see p. 315) occur more or less commonly 011 our coasts, 
and the general remarks will apply to one as well as to another. 

Nereis pelayica Linnaeus reaches a length of 5 to 6 inches, and 
is about £ inch across. It is convex above, nearly flat below. Its 

1 T. J. Parker,' Lessons in JBemctUary Biology , Londou, 1891, p. 287, given a full 
account of the anatomy and development of Polyyordim. 
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colour is 1 irowii or bronze. The worm, which is to he found in 
shallow water, is made up of a considerable number of rings or 
segments, constituting the “trunk” or “body,” 
\Jl*I , terminated at each end 

by moditied segments v\ ^ 

known sis “ head ” and \\ yk 

.AkSST “ tail ” (Fig. 122). The. \\ \\ 

segments eoiu])osing the \\ \\ 

trunk are all alike, ex- \ r 

ApEx? cept for small ])ropor- ^ 1 

tioual differences, and it JL A 

will be* convenient to > 'A 

describe, a “ typical seg- v / 

ment ” before referring { 

i/ 1° tin 1 head or tail. 

A typical body seg- \ 

k, ment earrieson each side \ 

a muscular lohed out- B f 
-IS§£ growth, hearing handles | 

of bristles or 11 chaetue,” j 

ami filamentous sensory j A 

jgjF organs known as “ cirri.” z / ^ 

- ■■ To this lateral locomotor j 

Flu. 122 . -Xrreis jv/tt'/ii organ Huxley gave tin* j \ Q 

fiIiubiT'^ M * ZV ' ^ rom u,lllw> “ para podium ” I 

'Fig. 124 \ Each ]>ara- / j 

podium or foot consists of a basal portion, ||7 
supporting a dorsal ami a ventml process, the | / 

“notopodium” (ntp) and “neui , opodium ,, («/ 7 >) / 
respectively, each of which is bilolied. The I 
lobes are very vascular and glandular, and * 
probably serve as respiratory organs or “gills.” h ' tG - y 

The chaetue, or bristles, of each bundle f rom nuuromXum : b! 


from iit!uro|M>(iiuiu ; B. 

project from the mouth of a great sac, the f ™ ,n »ot»iiodiiiiii of X. 
J. ° . diwraisulw ; C, uwim- 

Iips of whicli an* particularly prominent m min* clintrta of H«tero- 

Xnris. Each chaeta arises from a single °* ' 

cell situated at the Imttnm of the sac. The 
chaetae of AV/r/s, as of many other Polychaetes, nr*? of a kind 
usually termed compound or “jointed,” each being composed of a 
long stalk and a small “ appendix ” articulated in a cup at its 
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extremity (Fig. 123). The ullage of the cup varies; it is in 

some cases of equal height all round, or it is higher on one side 

than on the other. Further, the appendix may lw* short and 

curved, or more elongate and spear-like ; it is generally notched 

or finely toothed on one side. 

* 

In addition to these projecting locomotor chnetac, there is 
eml>edded in each of the two chaetigerous lobes a much stouter 


inl.cap\? mV ? 


‘ ? cir 
O'’ /I. lung 



V. lony y.vc 


ncjjk 


Fii:. VJl. —Xert'i*. Somewhat nmiufitic transverse section through the liody. On tin* 
left thi' chief constituents of the vascular system arc represented ; on tins right Nidi: 
the clnu.-tne ami their muscles, as well :ls the distribution of the lateral nerve, etc.., 
are shown. uc, uciculum ; hr, network of blood-vessels ; rh, ehuetae (only a lew 
are. shown) ill two bundles; rh.l , lips of the ehnetigvmus sac; ci/.nnj, dorsal ciliated 
organ ; cir , circular uiuseular coat ; cu*\ coelom ; t/.rir, dorsal cirrus ; tljnnt/, 
dorsal huudle of longitudinal muscles; i/.ir, dorsal blooil trunk; rp, epidermis; 
/XT, iutestine ; int. cup, blnoil capillaries in its wall ; m.ch, muscles which move 
the ehuetae ; .V.r. ventral nerve cord ; tier, lateral sensory nerve, dividing into u 
ventral hraneli entering the ventral cirnis, and a dorsal branch (?/.»■/>) for the 
dorsal cirrus ; neph, nepbridium, wen through the oblique muscle through which 
its fuunel passes ; urp , lieuropodium ; nrp.lit/, ueuropo«liul lolie or ligulc : ntp, noto- 
pndium ; ntp.lhj . uotopndiul ligule ; oU, oblique transverse muscle (muscle of the 
pnrnpodiuiu) : jn\ peripheral blood-vessel; r. cir, ventral cirrus; rJonj, ventral 
bundle of longitudinal muscles ; v.ve, ventral blood trunk. 


and dark-coloured, needle-shaped bristle known us an " aciculuni,” 
whose point only just projects beyond the surface. This aciculuni 
extends into the interior of the body much farther than do the 
locomotor ehuetae, and it is to it that the muscles serving to 
move the whole bundle of ehuetae are attached. The uciculu 
thus serve as an internal skeleton to the parapodium. Thu sha]»e 
of the parapodium, the relative lengths of cirri and lobes, the 
shape and arrangement of the ehuetae, are all employed as specific 
characters. 
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The head consists of a preoral portion above the mouth, the 
“ prostomium,” and a postoral region surrounding the mouth, the 
“ peristomium ” (Fig. 125). The prostomium varies in shap£ 
in different species of NercAx; but it always carries 011 its 
dorsal surface two pairs of eyes. From its narrower anterior end 
there arises a pair of short; somewhat conical, sensory processes 
known as the " prostomial tentacles.” A second pair of processes 
springs from the under surface, and rather to the side of the 
prostomium ; these arc known as the “ palps,” and in Xicrris are 
much more conspicuous than the tentacles ; each is composed of 
two parts, a large basal piece and a smaller terminal joint, capable 
of being withdrawn into the former. The palps are highly inus- 



Khi. 125. — Nereis dirersirobr MUll. x 4. 1 1 end, with buccal region everted. A, Dorsal 
view ; B, ventral view. */, Pmstoniium : JS, evu-teil buccal region ; r, r/ peristoniial 
cirri, 1, 2, 3, 4 : </, denticles or purngnat-lis ; r, eyes ; A*, lower lip ; J\ pulp in A, 
entrance to pharynx in B; J, jaw; T, tentacle; I, pcristoinimn ; II, foot of 
apparent Hueoiul segment. 


cular, and though they are sensory organs, act also as grait 
lateral lips. 

The peristomium is in many species of Xrreis (as in X. pcla- . 
yira) considerably larger than the trunk segments : it carries at 
its anterior edge four filiform cirri on each side, which are directed 
forwards and used as feelers. They are arranged in couples;-*, 
a mom anterior couple of dorsal and ventral cirri, and a more pos- 
terior couple of dorsal and ventral cirri. 

The Tail — As the most anterior segment is perforated by v * 
the mouth, and is modified as described above, so the last or anal 
segment, which carries the anus, differs from the rest. . It is more 
or less elongated, cylindrical, and without parapodia or chaetae. 

It returns, however, its pair of ventral cirri, which are very*., 
long. 

Internal Anatomy. — In correspondence with the external 
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metamerism there in an internal repetition of parts. For, except 
in the anterior segments, where the powerful protrusible pharynx 
is situated, the body-cavity or “ coelom " is divided into a series 
of chandlers, by means of muscular septa inserted, on the one 
hand, into the body- wall at the level of the grooves lie tween the 
'external segments, and, on the other, into the wall of the ali- 
mentary canal. Each of these coelomjc chandlers contains a pair 
of nephridhi, a portion of the intestine, of the vascular system, 
and of the nervous system, as will be seen in Fig. 124. 

The epidermis, which forms the outer part of the hmfy-n'ttll , 
consists of a single layer of cells, covered externally by a thin, 
tough cuticle,* The Litter is usually stated to consist of the 
chemical substance known as cliitin, but since, the cuticle differs 
from true cliitin by dissolving in caustic potash after a time, 
Eisig 1 has suggested that its substance is merely a stage in the 
formation of cliitin. The epidermis contains gland-cells, which 
are especially abundant on the. lolies of the parapodiu. lie low 
the epidermis lies the circular coat of muscles .by whose con- 
traction the worm diminishes its diameter: it is interrupted on 
each side at the junction of the purapodiiun with the body. 
Deeper still lie. the longitudinal muscles, which form four great 
bundles, two dorsal, separated by the insertion of a small 
mesentery and dorsal blood-vessel, and two ventral bundles 
separated in the middle line by the nerve-cords. These longi- 
tudinal muscles, by their contraction, bend the worm from side 
to side, and are continuous from segment to segment. A 
very characteristic muscle, present in all the Polychaeta, is an 
obliquely transverse sheet of tihre.s passing from the body-wall at 
the side of the nerve-cord to the. parupodium, where it spreads out 
and serves to move the paru]iodium (Fig. 124). All these, muscles 
consist of smooth fibres, as in the earth-worm. 

The alimentary canal may bo. divided into the following four 
regions: — (1) buccal or cversible region, (2) pharynx, currying 
the great jaws, (3) oesophagus, (4) intestine. 

The first two regions constitute an “ introvert ” ( Lankcster *). 
When fully everted the whole of the buccal region is turned 
inside out, and the terminal aperture leads directly into the 
pharynx, which is not everted but merely protruded. Through- 

1 41 Die Capitelliden,” Fauna u. Flora d. Golfea v. Neapcl, Monogr. xvi. 1887, p. 380. 

9 Encyclopaedia Britannic* , 9th ad., Art “ Molluaca,” p. 002. . » 
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out the following chapters the word " l)uccal f region is used for 
that part — if any — ^which is thus everted (Figs. 125, 12G). 



Both the buccal and pharyn- 
geal regions are wrapped round 
by several coats of muscle, to 
form apparently u single mus- 
cular organ (Fig. 127, «//•), which 
occupies about eight segments 
in a condition of complete in- 
troversion. The septa are absent 
from the anterior part of the 
body. « 

The buccal region is lined 
with chitin, which is specially 
thickened at certain definite 


the action ^pots, forming small “denticles” 

h (From . 

is nt. nst ; or “ puragnuths (rig. l2o). 


Fig. 128. — Diagrams to illustrate the action 
of the Chiictojioilaii “ introvert . " 

Ijiuig.) A shows the apparatus 

the mouth leads int the buccal cavity w l„\.h 1 ,., .. m<r « 

(/»). with parnsnathK i its wall : /*. tl.o ^IllCft U.l\e «• ‘UttWBIIt HllUll|p- 

lihnrynx, with jaws t its anterior end ; llUiUt ill tile VlirioilH HJHX'ilM. 

e, liraiii; ji, protract* muscles ; r, re- Tlw ».vitv of tin. liliiirvnv in 

tractors. B, the | larynx has been 1 IltS Ull lty 01 UH* plllll} 11X 1H 

liroiiftht forwanl or protruded liy tlie narrow Hlld tile Willis tllil'k Sind 
eversion, or turning inside out. of the i i - i n 

buccal region, so that the jaws (j ) now IllUHCUhir J each Sltlc Wall CillTICS 

lie some way in front of the head, which a, lame, llltrk, dlitillOUH “ jaw ” 
is represented l»y the Itrain. 1N ... . . „ 

(Fig. 127, J), which is hollow 
at the base, into which the muscles serving to move it are inserted, 
whilst the apex is solid, curved, and more or less notehed. These 1 
two groat jaws are used not only for tearing prey, but for seizing 
it; for when the pharynx is entirely protruded the two jaws 
are wide apart, and when retraction takes place they eome 
together and grasp the prey. 

Eversion of the apparatus is partly effected by protractor 
muscles (Fig. 120, A,;i) and partly by the pressure of the coelomic 
fluid, compressed by the muscles of the body- wall ; the eversion 
is stopped at a certain stage by a sheet of muscular tissue 
or “diaphragm” (Fig. 127, diaph ) inserted round the buccal 
region and attached to the body -wall in tlie second segment 
Tin? introversion is effected partly by the contraction of this 
diaphragm and partly by the action of powerful retractor muscles 
(Fig. 126, r) inserted into the hinder end of the pharynx and 
passing to tlie body- wall (these are removed in Fig. 127). The 
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movement of the jnws themselves ami of the wall of the 
apparatuH is due to other muscles. 

The oesophagus is quite short ; into it opens a jsiir of saccu- 
luted diverticuLi or glutuR Then follows the intestine, which 



Flu. 127 . -Xema 9 laid 
ojHfii by removal of 
the dorsal ltody-wall. 
hr. Cerebral ganglion, 
from which thrive jmirs 
of nerves m*e repre- 
sented as arising ; a 
pair to the tentacles, 
a pair to the pallia, 
and a jsiir (rriNj j Hiss- 
ing one on each siile 
of tho buccal region, to 
join the ventral nerve- 
cord; mm», mouth, ex- 
|K>scd by removal of the 
dorsal wall of the buc- 
cal region (/Jar:); fnfu. 
the iiariigiintliN in its 
wall ; Ph % pharynx : 

tho large “jaws" 
emliedded in its wall : 
J.HIHM, the muscles 
which work the jaws ; 
alt, the miiKciilar 
sheath ; ifinph. the 
“ diaphragm " ; 
oeaopliugus ; ///, its 

glamls ; at. stomach ; 
int % intestine ; Ay;/, 

septum ; if. v. dorsal 
blood trunk ; /#.r f 

perivisceral branches, 
one pair in each seg- 
ment ; /', palp ; t. ten- 
tacle ; yar, peristo- 
Tiiiuin ; y/ci-.r’i', two of 
the four peristomial 
cirri ; ppIH . the first 
pnrapndiuin which be- 
longs to tlm third true, 
but second apparent, 
segment ; c.i r. m, circu- 
lar miiscnlar emit ; 
ft/.wi, longitudinal mus- 
cular coat of the bod v- 

Wllll ■ 


extends through the rest of the liody a s a thiu-wulled tube, 
slightly dilated at the insertion of the septa. 

The vascular system consists of a contractile dorsal vessel and 
of a non-contractile ventral vessel extending along the whole length 
of the body, from each of which paired and segmentally-arranged 
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vessels pass to tjie intestinal wall and to the body-wall, and here 
form extensive capillary networks (Fig. 124, p. 247). This type 
of vascular system is pretty generally adhered to throughout the 
Order, l>ut in the Terebclliformia, Scoleciformia, and Crypto- 
cephala the dorsal vessel and capillary plexus on the intestine 
are replaced by a continuous blood sinus, situated in the sub- 
stance of the gut-wall. This “ j»erienteric sinus ” has the same 
relation to the segmental vessels as the dorsal vessel lias in the 
Nereidiformia, and from it a tubular dorsal vessel arises ante- 
riorly. In Arcnic.ola the sinus is preceded in the young stage 
by a network the branches of which gradually enlarge, meet, and 
fuse to form the sinus. 1 Whether it is in all cases secondary is 
a moot point. 

This system of vessels in the majority of Ohaetopoda contains 
a respiratory fluid coloured ml 2 by haemoglobin in solution ; in it 
float a very few small oval nucleated non-amoeboid corpuscles. But 
the place of this red pigment is takeu by a given one, named 
" chlorocruorin,” in the Chlorhaemidae and many Sabelliformia ; M 
whilst in Muyclona 4 the blood is tinted madder-pink by a number 
of globules of “ huemerythrin.” The blood (or “ haemal fluid”) is 
driven forwards in the dorsal vessel, and passes 1 wick wards in the 
ventral vessel. Respiration in Xrrris is carried on by the whole 
surface of the body, but naturally with greater activity in the 
surface of the purapodia, the loU\s of which, with their extensive 
vascular plexus, may l»e termed “gills”; but it must be borne in 
mind that these organs have other functions as well. 

The' ror/omic Jimd, which fills the general body-cavity, is 
colourless, and contains amoeboid corpuscles or u leucocytes.” It 
corresponds to the lymph of Vertebrates, being nutritive in func- 
tion, in that it conveys absorbed material from the wall of the 
intestine to the organs of the body, and at the same time removes - 
any waste substances from these organs ; these waste substances 
contain nitrogen, and are ultimately removed bv the nephridio. 
In Ophelia many of the corpuscles contain a curious dumb-bell- 
shaped rod of chitiu, and it has been shown 4 that this substance 

1 Bonham, ''The Post-Larval Stage of. Jrcnicola" J. Mar. Biot . Assoc, iii. (u.s.) 
1898, p. 48. 

9 The blood is colourless in Syllidae and Nephthydidae. 

9 Killers states that s&ne Eunicidae have green blooik 

4 Benhani, Quart. J. Micr. Ski. xxxix. 1896, j». 1. 

0 Schaeppi, Jena. Beit, xxviii. 1894, p. 217. . ^ 
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is a highly complex form of excretory material, — more complex 
than giitmiii, for instance, which exists in the corpuscles of the 
Cupitelliformin. 

In Glyceridae, Capitelliformia, and PolycirruR hnnnatodvs (a 
Tcrebellid), the vascular system is absent, and the coelomic 
corpuscles Income coloured by haemoglobin, anti in order that 
.the coelomic fluid may lx* distributed to the organs of the body, 
the peritoneum is ciliated along certain definite tracts. The fluid 
in these il anangian ” worms thus combines originally separate 
functions, and liehaves like tlie “ blood ” of Vertebrates. 

The excretory system is represented bv a pair of nepliridia 
in each segment, with the exception of a few anteriorly and a 
few posteriorly. The ^ ^ 

nephridium of Xicre-is 
differs from that of 
most other Polv- 

y 

cliaetes hitherto ex- 
amined carefully, 
and rather resem- 
bles that of the 
Oligochaetous En- 
chytraeids. It consists of a compact gland-like organ, containing 
a much coiled tube, ciliated for the greater part of its length, but 
deprived of cilia in its last coils; tliis latter part — or duct — 
leaves the “gland” and pierces the 1 body-wall, opening to the 
exterior at the base of the purupodium. The ciliated canal 
pisses forwards into the next segment, where it ojiens by 
funnel into the coelom. The. lip of the funnel is extremely 
curious, for the cells constituting it are drawn out into very 
long, delicate processes covered with cilia. 1 

In most Polychaetes the nephridium is a wide, sac-like lulie 
as in Arenicota 2 (Fig. 129). Its walls are covered by a dense 
network of blood-vessels, and it* not only acts as an excretory 
organ, but also as a genital duct (see p. 273). 

Excretion, in the strict sense of the word, is carried out by 



Fru. 128. — Nephridium of AVrriV (From Ooodrirh.) /, 
Piiuiii'l ; ti, neck, which |iuascm through :i septum ; t, 
coiled tubule ; r, connective tissue ; rf, duct. 


1 Goodrich, Quart. J. After \ Sci. xzziv. 1893, p. 387. 

* Bcnham, Quart . J. After. Set. xxxii. 1891, ii 325. See also Bourne (nephridium 
of Pohjntf), Tr. Linn. Soc. {Zoot.) 9 iL 1883, p. 357 ; Meyer, for nephridium of 
Terebellidae, Sabellidae, and Cimtulidae, in. Ait. ZooJ. Stat . Xeupef, vii. 1887, p. 
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the cells forming the wall of the tube ; they remove waste mate- 
rials from the blood distributed over the surface of the organ. 
But, in addition, there is a removal from the coelom, by means of 
the funnel, of any dead or dying coelomic corpuscles which in 
their turn have eaten up or otherwise destroyed foreign bodies 
(such as Bacteria, etc.) that may have entered the animal. 

In Ntvreis there is in each segment, in addition to the piir of 
nephridia, a pair of “ dorsal ciliated organs” (Goodrich) (ril.urg in 
Fig. 1 24). Each appears as a wide-mouthed funnel, greatly folded, 
and without any permanent outlet. But it is possible that these 
organs function as genital ducts, and that the external aperture 
will make its appearance temporarily at the period of maturity. 



Fin. 129. ---Nrphrii limn of Arenicobi. (From BcnlianO :< 4. d, Dorsal lip of funnel ; 

i\ v«*nt ml lip of fiiiiiu 1 ! ; ft, blood-vessel (nil the Muck lines lire l»lood -vessels) ; 
diluted bladder ; ;/\ part cut uwny from Ixidy-wull where the uepliridium is push- 
ing to the exterior. 


This " dnrHul ciliated organ ” has not been met with in allied 
genera — such as Eunice , Ncphthys , Fo/yuoe, G/ycera — when; the 
hephridium is n a widc tube, and serves as a genital duct. 

The nervous system, as ill all Chaetopods, consists of a dorsal 
cerebral ganglion or " brain ” (Fig. 127, hr), connected by circum- 
buccal commissures with the anterior end of a ventral clmin -of 
ganglia. The brain occupies the prostomium, 1 and from it nerves 
puss away to the prostomial tentacles and ptlps. The cimun-huccul 
commissures spring from the outer corner of the brain, and from 
each arises a nerve to the first pair of peristomial cirri. The 
first ventral ganglion lies in the third segment, and represents 
at least two ganglion-pairs fused together, for from it arise (1) 
a pair of nerves to the second pair of peristomiul cirri and (2) a 


1 It in worthy of note that in Aetdowma alone amongst the .Oligochoeta does the 
hroin lie in the prostomium in the adult. 



pair to the first parapoilium. In the remainder of the body 
there is 'a ganglion in each segment, whence nerves piss out- 
wards to the purapodiuin and muscles of tins segment (Fig. 124). 

In Nt'-reis the appirently single ganglion in each segment 
really consists of two halves, and the apparently single cord which 
traverses the whole length of the body consists of two closely 
apposed cords. In some worms, such as Scrpuliduc, the two 
cords are more or less widely separated, and the two ganglia of 
each segment are thus distinct, and connected by a transverse 
commissure. In Xcrcin, as well as in many other 1’nlychuctit, the 
nerve-cords lie within the body-wall, hut in other cases they 
lie in the epidermis, as they do in Archiannclida. 

The visceral nervous system, supplying tin* muscles of the 
pharynx, is frequently highly develop'd. In Xcms it arises on 
each side by two roots, one from the brain, the second from the 
circuni-buccal commissure. 

The organs of sense ill Xrtris an? eyes, tentacles, palps, and 
cirri. The lour eyes, which rest upon the brain, have the struc- 
ture represented in Fig. 130. The retina consists of a single 
layer of cells containing pigment ; each cell is drawn out peri- 
pherally into a nerve-libre, whilst centrally it forms a cuticular 
product — the “rod” (//). The edges of the retina are continuous 
with the surrounding epidermis, and the cup thus formed remains 
widely opened to the cuticle in a few Polyol metes, #■,#/, A 
and in the young of Xrreis, but more usually it lias tin 1 relations 
represented in the <• 

figure. The lens is — - “ li /, 

produced by the re- 
tinal cells (accord- a 
ing to Andrews 1 ), 
and is in some v 
cases ( Eunice , Am - ( 

phinome) continu- 
ous with the cuticle. 

It appears to lie 

j . . . Flo. 130. — Eye of NtreU. (After Andrews.) x 160. A, 

composed 111 Ollier Section through the entire eye ; e, cuticle ; epidermis ; /, 

cases (Lepidonotus) Imw ; k rods ; r, retina; w, optic nerve: B, isolated re- 

n r tinal element ; c. cell ; p t pigment ; h, rod ; /, iierve-fllire. 

of continuations ot 

the retinal rods. The structure of the other sense organs iudi- 
1 Andrews, “The Eyes of Polychaetes,” J. Morph, vii. 1802, p. ISO. 
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cates their adaptation to a tactile function ; in each case a nerve 
traverses the axis of the organ, and the nerve-fibrils terminate in 
sensory cells. Very probably the palps have u certain power of 
testing the food — a combination of the senses of taste and smell. 

The Qener&tive System. — In all the Polychaeta, with very 
few exceptions, the sexes are separate ; and the reproductive cells 
— ova and spermatozoa — are produced at certain seasons of the 
year by the rupid proliferation and modification of coelomic epi- 
thelial cells surrounding the blood-vessels in the parupodium and 
its immediate neighbourhood. The sexual cells remain in the 
coelom till they are ripe. 

The egg-cells become filled with yolk globules; a vitelline 
membrane is present, and an outer coat of ulbuminous material 
It is doubtful 'by what means these sexual cells are discharged 
in KfitrU There is some evidence that the “dorsal ciliated 
organ ” may act as a genital duct. In some other worms the 
nephridia serve this purpose, whilst in others a rupture of the 
body-wull allows the products to escajie into the sea. According 
to Wistinghaiisen, 1 at the time of discharge the females of Nereis 
dumerilii become surrounded by a kind of gelatinous tube 
formed from a secretion of the purapodiul glands, and into this 
tube the ova are discharged, and arranged in a single layer round 
its wall. 

The common species Acre is diversicolor is viviparous. Tn a 
large number of species of Nereis the sex ually-mut ure individuals 
uudergo very marked changes in various parts of their body, so 
that they difFer very greatly from the immature individuals. 

These changes resulting in the “ heteronereid ” condition will 
lie dealt with at some length in Chup. X. p. 27G. The larvae 
of Polyclmetes and other facts connected with reproduction are 
descril>cd in the same chapter. 

1 Wistinghauaen, “ Entwick. v. X. dumerilii ML ZooL St at. Xempd, x. 1891, p. 41. 



CHAPTER X 


CLASSIFICATION OF THE POLYCHAETA SHAPE HEAD PAliAPODIA 

CHAKTAE (JILLS INTERNAL OIUSANS JAWS — SENSE 

OKCJANS REPRODUCTION LARVAL FORMS IIUDlUXli FIS- 
SION HKANCHINO REGENERATION. 

The Polychaeta mv marine worms whose bodies are usually 
elongated and cylindrical ; they either lead a free* life, swimming 
in the oj»en sea, or crawling along the bottom ; or they pass their 
life in burrows or definite tubes of various kinds. 

Each segment is normally provided on each side with a single 
or a couple of bundles of chaetae, by means of which locomotion 
is effected. These, in tlu? free-living forms, are carried at the 
ends of lateral muscular outgrowths of the body, known as 
“ para podia,” which are practically limbs. 

The u head” of the worm generally curries eyes, and frequently 
more or less elongated tactile organs, the “ tentacles ” dorsal ly 
and “ palps” vontrally. The foregut is frequently provided with 
a masticating apparatus in its anterior region, which is capahle 
of protrusion ; but this apparatus is absent in many burrowing 
and tubicolous forms. The sexes are separate, so that then? is no 
such complicated system of generative*, organs sis occurs in the 
Oligochaeta. The nephridiu usually act as genital ducts. In the 
majority of cases the egg develops into a larva, the “ Troclio- 
sphere,” which leads a free life and undergoes a greater or less 
metamorphosis into the adult condition. 

' The. classification of Polychaeta adopted in this work is an 
follows : 1 — 

1 This is a modification of the classification proposed by me at the meeting of the 
British Association at Oxford, 1894 (see Re^rt, p. 090). For further characteristics of 
these Orders and sub-Onlcrs sec below Chap. XII. Elders, “Die Borstenw firmer,” 
1864, gives a historical Burvey of the group, aud enumerates the earlier classifications. 

VOL. II S 
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Branch A. Phan eroceph ala. 


Sub-Order 1. Nereidiformia [ = Errantia , auctt. + Ariciidae ]. 


Family 1. Syllidau 

see p. 306 

Family 8. Amphinomidue see p. 318 

„ 2. Hesionidae 

308 

„ 9. Eunicidae . 

„ 318 

„ 3. Aphroditidue . 

„ 30ft 

,, 10. Glyceridae 

. 1 320 

„ 4. Phyllodocidae . 

313 

„ 11. Sphaerodoridae 

320 

„ 5. Tomoptcridac . 

„ 315 

„ 12. Ariciidae 

„ 321 

„ 6. Ncrcidae 

„ 315 

„ 13. TypbloBcolecidae 

„ 321 

„ 7. Nephthydidae 

„ 317 



Sub-Order 2. 

Spioniformia . 

• 

Family 1. Spionidae 

sec p. 321 

Family 4. Mogul onidau . see p. 325 

„ 2. Polydoridac . 

323 

„ 5. Ammocliaridae 

„ 325 

,, 3. Chaetopteridae 

„ 323 



Sub-Order 3. 

I 

§ 

i. 


Family 1. Cirratulidae . 

see p. 325 

Family 3. Ampluiretidac sec p. 330 

„ 2. Tcrcbullidau . 

„ 327 

„ 4. Ampliictenidac 

„ 330 


. Sub-Order 4. Capitclliformia. 

Family. Capitcllidne, sec p. 331. 

‘ Sub-Order 5. Sruleciformia . 

Family 1. Opheliidae . see p. 331 Family 4. Scalibregmidae see ]>. 334 

„ 2. Maldanidae „ 332 „ 5. Chlorliaemidae M 334 

„ 3. Arenicolidae . „ 333 „ 0. Sternaspidac . „ 335 

Branch B. Cryftocephala. 

Sub-Order 1. SabcUifurmia. 

Family 1. Sabellidae . see p. 33G Family 3. Amphicorinidac see ]). 33!) 
2. Eriogropliidae „ 338 „ 4. Scrpulidae „ 339 

Sub-Order 2. Hcrmelliformia . 

Family. Hermellidae, see p. 341. 


Comparative Anatomy of the Polychaeta. 

General Shape of the Body. — The majority of the Poly- 
chaeta have an elongated and very mobile body, like that of 
Nereis, consisting of an indefinite and usually of u considerable * 
number of segments ; a few, however, have a shorter body, with 
fewer segments, definite in number, for instance Aphrodite and 
Pt^ynoe, which huve thirty to forty segments ; and some Hesio- 
nids„ with only some seventeen to twenty segmenta 
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In Apliroditidae and certain Amphinomidae the body is more 
or less oval in shape. In LipobranchiuH 
and Sternaspia it is grub-like, short, and 
cylindrical, with rounded ends ; in the 
former it is difficult to distinguish head and 
tail, or dorsal and ventral surfaces. 

The segments composing the trunk may 
bo all alike, or may constitute two more or 
less sharply marked regions, the thorax and 
abdomen, differing in the character of the 
chaetae, or in their arrangement, or in some 
other way, as in the Sabelliformia and the 
Capitelliformia. 

As peculiar eutieular structures, the 
curious shields of Sternaspis, and of certain 
of the Maldanidae may be mentioned. 

The posterior extremity is generally more 
or less narrowed, and most of the Nereidi- 
formia are provided with special elongated 
cirri, borne by the anal segment. In the Fk. iai. — SuMiarm ai- 
Maldanidae and others the body terminates iSmgiwi.) *</’ Amis." 
in a funnel, at the bottom of which is 
placed the anus. Only in a few cases is the anus not terminal ; 
in Notopygoa and other Amphinomidae, as well as in some species 
of Polymie , it is dorsal. 1 In Sabelhtria and Pert inaria the hinder 
end of the body undergoes great degeneration ; in the. former it 
is achaetous, but cylindrical and bent forwards alongside the body 
(Fig. 131). In Pectinuria (Fig. 177), this region, which is 
called the “ scaplia,” is leaf-like, and serves to close the narrower 
end of the tube in which the worm lives. Arenicola marina 
and some Terebellids have no chaetae in the hinder, narrower 
part of the body. 

The Head. — The prostomium is, in the majority of cases, 
rounded or conical, though it may be square (Nephthys) or 
elongated and jointed ( Glycera ), or even hammer-shaped (Tomop- 
teris) ; or it may be fused with the peristomium, and apparently 
absent ( Arenicola ). In the great group Cryptocephala, the peri- 
stomium grows forwards so as to hide the prostomium entirely. < 

In a few of the Nereidiformia the prostomium is compressed, 
1 In Coabangia (see p. 284) the anus is near the anterior end, on the ventral surface: 




2 60 


POLYCHAETA 


CHAP. 


aiul in the Amphiuomidae it is provided with a dorsal ridge or 
“ caruncle,” which is a leaf-like process overlapping three or more 
segments. In many Aphroditidae (as well as in Polydova) there 
is a peculiar “ frontal ” ridge passing forwards from the prostnmial 
tentacle, and downwards into the mouth (Figs. 1 ligand 133, A, a). 

In all the Noreidiformia, ns well as in Sahclliformia and 
Chlorhaemidiie, the prostomium hears sensory processes of two 
kinds, viz. dorsal tentacles and ventral palps. The latter are in- 
variably two in liumlicr, and are particularly well developed in 
Aphroditidae. Nereidao, Syllable, some of the Eiuiicidae, and in 


Fm. 1 32. — A ph ro- 
ditn ueuffirta Jj. 
Ventral view of 
anterior region, 
x 0. r/ t LVosto- 
liiiiiiu ; c, frontal 
ridge* on prosto- 
niiuni ; tU ncuro- 
podiul cirrus ; /, 
lower lip ; m, 
mouth;/), palp; 

intcrsegim-iitul 
groove ; t, ten- 
tacle ; I, foot 

of peristoiuiuni, 
w h i e. li li a h 
sfc-\ shilled forwanls 
so as to lie in 
^ M front of the 

. mouth ; II lo V, 

w ^ successive feet. 

Chlorhaemidiie. Even when they are apparently absent, as in 
A*1 vphtkys, it is ]>ossible that they are represented by certain 
lobes ut the. sides of the mouth, for in many Syllidac they are 
so fused with the prostomium as to lie scarcely distinguishable. 
In the Chlorhaemids the palps 1 are grooved, and in the 
Sahclliformia they laconic considerably branched, and extend 
round the prostomium so as to nearly meet dorsally and ventmlly. 
Each palp is, in this sub-Order, represented by a greater or smaller 
numl)cr of long, mobile filaments, arising from a common base ; 
they are grooved along the inner side, ciliated, and provided with 
secondary processes. The. crown of " gills,” in fact, is nothing 
1 It is doubtful whether these organs are palps or only lateral lips. 
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more than the greatly subdivided and enormously elongated palps, 
us both Truvot 1 and Meyer 2 have shown. Iu such forms us 
Hu'plobranchux and Amphicarinc the process of subdivision 
(branching) has only gone a short way. In all the Sabelli- 
formiu each filament, in addition to its sensory function, aids in 
conveying food to the mouth by the. action of the cilia, and has a 
blood-vessel within, thus acting as a respiratory organ. The 
filament may carry compound eyes (Fig. 148) either at itH apex 
(. /jranrhiomma ) or at intervals along its course (. Dasychonc ). 

In the family Serpulidac one (rarely two) of the most dor- 
sally placed gill filaments is enlarged terminally, and acts as <1 




Fig. 133. — A, Anterior cud 
of Pulydvra enlarged. 
</■, IVostomium ; r, 
frontal ridge ; I, jwri- 
stoiuiuiii ; its long 
rirrus; 11, 111, etc.,tlin 
following segments ; c, 
gill : B, head of Saliel- 
lid; /', pal ]m (branchial 
crown) ; t } position of 
tentacles ; f, processes 
of u pper 1i]> membrane ; 
1, pcristoniiiiin ruined 
into a collar; 11, 111, 
IV, following seg- 
ments. 


stopper or “ operculum, ” which closes the mouth of the tul>o 
when the animal withdraws into it. Further, in tfpirvrhi* this 
operculum is grooved oil one, side, and serves as a brood pouch in 
which the eggs undergo development (Fig. 184, p. 341). It will 
be seen, therefore, that the palps may l>o very important organs 
for the life of the worm, and they are no less interesting to the 
comparative anatomist, serving as they do as an excellent 'illus- 
tration of the various uses which Nature finds for one and the 
same organ. 

In the other sub-Orders the prustomium carries neither pnl]>s 
nor tentacles. 


1 l’ruvot traced tho nerve supply to these organs, and thus established thoir 
homology Arch, d . Zool. Expir. (scr. 2) iii. 1885, p. 211. 

3 Meyer, “Stud. ub. d. Kbrperbau dcr Anncliden,'’ ML Zwl. Slat. Neapel % vii. 
1887, p. 502 ; viii. 1888, p. 402. In this work a great number of important and in- 
teresting anatomical facts are record ed with respect to the Tcrobelliformia and 
Sabclliformu, as well as certain details as to the structure and development of the 
nephridia. 
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The tentacles in the Nereidiformia present a wide variation 
in number ; probably the typical number is three, one of which 
is median and two lateral — as in Polynoids, Syllidac, and some 
Eunicidae. Further, there is a certain amount of evidence in the 
nerve supply of the median tentacle to show that it was origin- 



Fig. 134. — Heads of various Pnlychaeta (diagrammatic). A, Polynoid ; B, Syllicl ; C, 
■ Ncphthys ; D, Eunice ; E, I’hyUodoM ; F, Trophonia : a , prostomium ; r, normal 
cirrus ; <:\ peris ton lial cim ; c\ cirrus of second segment ; c\ cirrus of tliinl seg- 
ment ; r/ 1 , point of Attachment of elytron ; p, palp : s, nuchal organ (ciliated pit) 

/, tentacle ; T, peristoiuium ; II, III, IV, segments. 

ally double. The presence of four tentacles, then, as in Nephthys, 
Phyllodoce, and Glyce.ru , may he a primitive condition. By the 
disappearance of the paired lateral tentacles the worm possesses 
a single median one, as in Aphrodite and Amphiiiomids ; 1 whilst a 
duplication of these lateral ones leads to the condition of Eunice 
and Hyalinoecia , which have live tentacles. In the Clilorhae- 
midae the number is further increased to five or more on each 
* In some of tho members of this family paired lateral tentacles appear to exist. 
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side, 1 and in the Terebellidae these prostomial processes become 
very numerous. 

In the Cryptocephala there is never more than a single pair 
of tentacles, and* these are gener- 
ally reduced to a group of sen- 
sory cells, though in Sabellnria 
they retain a considerable size, . Wk ■ } / 

I 11 a few genera, such as 
Aphrodite, Kcphthys, Cnpitella , 
tlie first postorai segment is r // 

distinguished from the succeed- 
ing segments only by its position 

with regard to the mouth (Fig. ^sT m . 

1:52) and by its smaller size. 

Hut in the remainder of the ^ , rg* 0 ' 

Polychaeta, with here and there / C~ 

an exception, the jjcristnmium is N y^r\f m (~~~ 

achaetous in the adult.* - ’ ‘ M jf 

Except in the Nercidiformiu, 'jh* 

peristomial or tentacular cirri ^ 
are rare, being represented in 

. . c , . ... . . . , Flu. 1 35 . — Sahellaritt ahrduta L. Ventral 

the Spionitormia by the very view of anterior region, x 10. I( t 

long M tciltucltfH." Ill tllO Ncwidi- Notopodiol 0irrn*i k, notopodiiiiu; r, 

_ . . 1 neuropodiuni ; d t, peristomial cliaetae ; 

forillia one or more OI the neuropndml cirrus ; m, mouth ; 1\ 

following segments may be added nniltifid jmlp (gill tilnmcnts) ; r\ ridges 

° P . J _ . after removal of gill filaments ; jr, 

to tile penstonuum, and share ventral (tul)iparous) gland' shield ; T, 

ill the l€ cenhaliScltioil ” whiell tentacle; 1, hood formed by peri- 

111 uil uspnaiisawoii, wmui 8 tomium; If to VI, following seg- 

is so characteristic a feature in monts. 


Flu. 1 35. — Sahellariit uhrdtita L. Ventral 
view of anterior region, x 10. «, 

Kotopodial cirrus; A, liotopodium ; r, 
lieuropodiuni ; di, peristomial chuetae- ; 
tl, neuropodinl cirrus ; m, mouth ; J\ 
inultiKd juilp (gill filaments) ; I*\ ridges 
after removal of gill filaments ; jr, 
ventral (tuhip&rous) gland' shield ; T, 
tentacle ; I, hood formed by peri-* 
stomium ; If to VI, following seg- 
ments. 


this group. In Amphinoniids 

the first three or four chuetigerous segments are incomplete 
ventrally, owing to the shifting of the mouth kicfewards ; these 
segments form lateral lips, but they are not otherwise modified. 
In Fhyllodocc, however, there are four cirri on each side of the 
mouth, and from the arrangement in the Alciopids we are 
justified in concluding that the segment which curries the four 
pairs of cirri is really made up of* three segments (Fig- 134, 
E). Among the Hesionids there are four such “ ccphalised ” 
achaetous segments with long cirri. 

1 It is possible that some of these may be peristomial. 

9 Individual cases in which chaetae are present have been recorded. 
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Ill a few cases, such as tlie Chlorhaemids and Stcrnrrsjris, and 
to a slight degree. in AmiicoUt , the “ head ” and even the anterior 
part of the worm is capable of being withdrawn into the body. 

The Parapodia and Chaetae. — The typical parts of a para- 
podium have been described in the preceding chapter; here it is 
only necessary to refer to the series of diagrams (Figs. 136, 137) 
representing the parapodia of the more common Polychaetes, and 
to add a few remarks about them. 

In most Annelids the chaetae are in two bundles on each 



poiliul cirrus ; ft, luitopniliuiu ; r, liciiiopniliuiii ; if, ncuroporiiul cirrus ; y, special 
gill ; //, aciculuin (omitted in B) ; cirrirorui lip of chactigcrous sac. 


side, but there are certain families in which the dorsal bundle, 
and even the notopodium itself, is absent, as in the Eunicidae, 
Syllidae, and Phyllodocidao ; or the dorsal bundle may Ini absent 
only in certain regions of the body, as in the hind-body of Tere- 
bellids. In some Amphinomidae and Aphroditidae the noto- 
podium is scarcely distinct as a separate lobe, being a slight 
tubercle on the upper surface of the neuropodium ; but the noto- 
podial chaetae are present, and indeed particularly well developed 
in many cases. 

But whilst, in the Nereidiformia, the parapodia, whether con- 
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sisting of two lobes or only one, an? always well developed, ami 
project to a more, or less pronounced degree from the sides of 
the body, it is otherwise in the rest of the group, where tin 1 chae- 
tigerous lobes are usually reduced to mere tubercles or ridges, no 
doubt in relation to their burrowing or tubicolous habits, hi 
Sterna&ph s the chactae issue directly from the body-wall. 

Amongst the Xcreidiformia we find examples in which the 
parapodia, instead of being more or less conical “ legs" are 
flattened fore and aft so as to servo as efficient “ fins,” as in the 
active swimmers, Nereis rimis and Ncphlhys ctrcca, and in the 
pelagic rhyllodocids, Alciopids, Typhloscolecids, and Tovioptcris. 


I-’kj. 137 . — Piirnpnilin. 
A, I’ofi/nni 1 ; B, Srn- 
lop? us ; C, Kuphrusyne. 
(TnuiNwrsM section of 
limly.) o', Accessory 
firms ; //. doulitful 

limncliim* : D, Ntihclla 
(thoracic i. r/, Xnt.fi- 
poilial cirrus ('■ » ly- 
iroii ” in A, M slll " in 
B) ; t‘, notopmliuiu ; 
t\ lifiirDpoiliiiin ; if, 
iifiiropoili;il firms ; n, 
«f if ilium ( iif iile litally 
omitted iu C). 


C D 

Of the typical dorsal and ventral cirri, the ventral is only 
absent in some Aniphiiiomids amongst the Xereidiformia ; the 
dorsal is absent in Nephthys and degenerate in Glyrrnt, whilst 
in a very large number of families of the other sub- Orders 
neither cirrus is present. These cirri, though originally fila- 
mentous and sensory, may, by virtue of sjiecial blood supply, 
become “ gills,” and this occurs in several families of different 
Sub-Orders. Thus in Eunice this gill is comh-like; in Am phi - 
name and in Arenicola (on certain segments) it is arborescent, 
as it is also in one to three segments in Terehellids ; whilst in 
Ariciidac, Spioniformia, Cirratulidae, Opheliidae, and SaMlaria 
it remains more or less finger-shaped or filamentous. J11 the 
family Serpulidae the thoracic cirri, bo£li dorsal and ventral. 
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become flattened and extended untero-posteriorly, and unite with 
one another to form the “ thoracic membrane.” 1 In Phyllo- 
dociclae the cirri arc folioceous and natatory, and they contain 
a great quantity of glands of a peculiar character. The Aphro- 
ditidoe are distinguished from other Annelids by the possession 
of “ elytra ” or dorsal scales, which appear to be the dorso- 
ventrally flattened cirri, retaining their sensory nature, but 
adding to this function several others. 2 

The chaetae or bristles are mainly used in locomotion, but it 
is not unreasonable to l>elieve that some of the stronger, serrated 
kinds may be used as weapons of offence and defence ; certainly 
the Polyuoids, bristling us they do with stiff chuetae along each 
side, must be rather unpleasant to their smaller enemies. 

The various bristles may be placed in three chief groups, viz. 

(1) simple; (2) jointed; (3) uncini (see Fig. 138). 

(1) The simple chaetae may be smooth and hair-shaped, i.e. 
“ capillary ” such as are present in nearly all families: or they 
may be forked (Amphinomidoc), comb-shaped ( Eunice ), notched 
or serrated, or provided with a series of frills at right angles to 
their length, as in Aphroditidae ; or fringed along one or both 
sides with a membranous expansion, as in Terebellids and 
Subellids. The simple chuetae may also he short and spine-like, 
as in the ventral bundles of Arenicola; or they may be slightly 
curved at the end and notched, forming what are generally 
termed “crotchets,” such as are common amongst Oligochaetu. 
These “ crotchets ” may be simple, or have numerous denticula- 
tions at the end (Maldanidae), or be provided with a membranous 
hood (Spioniformia, Capitelliformia). In Hcrmionc peculiar 
sheathed, spear-like bristles occur (Fig. 138, N). 

(2) Jointed chaetae have already been described (p. 246); they 
are confined to the sub-Ordcr Nereidiformia, and occur only in 
certain families. 

(3) The. uncini are very short chaetae, which are simply 
embedded in the skin, and do not extend beyond the body-wall 
into the body-cavity. An uncinus is a sharply curved hook, which 
may have more or less numerous secondary teeth on it. They 
are characteristic of the Sabelliformia and the Terebelliformia. 

The chaetae appear as solid, usually fibrillated structures, of 
a yellow or golden tint, transparent and refringent. Chemically 

1 Meyer, loc. cit. 3 Haswell, P. Linn. Hoc, N.H. Walton vii. 1883, p. 261. 
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they consist of chitin, and each chaeta is the product of a 
single cell. The ehaetne of Enjriirosyne are hollow and calcare- 
ous, being peculiar in both characters. 



Fui. 138. — Chaetae of various 
Polyol metes (the magnifi- 
cation is not the same in 
all cases). A, Doubly- 
fringed capillary, from 
Terehcllid ; B, hooded 
crotchet, from Po/ydom ; 
C, a fork, from Kvphro- 
syne ; D, jointed chaeta, 
from Phylloduce ; E, 
simple chaeta, with ser- 
rated ridges or frills, from 
a 1’olyimid ; F, jointed 
chaeta, from Eunice ; O, 
unciiiiis, from PomatiK'cros 
(Kerim lid) ; H, one of the 
outer series of pulcac front 
the hood of Sainsilariu 
spinulosa ; I, jointed 
cli acta, from a Syllid ; J, 
iiiultiileuticiilate crotchet, 
from a Maldauid ; E, 
comh-shaped chiieta, from 
Eunice ; L, uucinus of a 
Siihellid ; M, iincinus of 
Terehcllid (.1 nvph itrite 

Jnh nxfun i) : a, edgewise ; 
A, side view ; /#/, attach - 
nients of muscles into 6a, 
basal plate ; x, accessory 
teeth. N, Sheathed spear 
of Ifrrntinnr ; u % the spear- 
shaped capillary removed 
from its sheath ; 6, the 
same, with sheath. 


Certain modifications of the chaetae presented by various 
worms deserve mention. In Poly dor d (Fig. 133, A) and in Ckae- 
topterus (Fig. 173, p. 324) those of one segment are especially 
strong, but their significance is uncertain. In Capitella those 
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of the nolo] >0(1 i mu of the eighth and ninth segments uro 
specially modified ; they are analogous to the copulatory chuetao 
of Oligoclmeta. In Aphrodite, in addition to the ordinary loco- 
motor cluietae, there am brilliant;, iridescent bristles and peculiar 
felting threads arising from the indistinct notopodium ; these 

latter, however, are 
not true “ chaetae,” 
but are separate 
cliitinous filaments 
similar to the con- 
stituent fibres of an 
ordinary chaeta. 1 

While tiie chaetao 
in the Nereidiformia 
and others ant 

h 1 *10. — „ \phrathtf. loot, x 2. w, Elytron ; h t noto- <rroui>ed ill bundles 

podium ;r:. neiirnporiium ; r/, neiiropiMluil cirrus ; ji, nni- V*. ■* . 9 

on In m ; ], iriilcsciMil liristlu-s ; 2, stiff cliiirtiie ; 3, foil, those of lililllV Other 

families are in ver- 
tical, transverse rows, as in Mu-1 dan blue and in Arenicoht. The 
uncini are always embedded in such rows, usually slightly raised 
from the. general level of the body surface, each being termed 

a “ torus uncinigerus.” These tori are usually ljinitcnl to the 

sides of the body, but in Mi/.ricola and in i Yotuimrstua they 
encroach upon the dorsal surface, and in Chactozove , also upon 
the ventral, so as nearly to encircle the body, recalling the 
“ perichuetous ” condition of some earth-worms. 

Gills. — We have already seen that several different organs, 
the palps in Sabelliformia, the prostomial tentacles of 
( 'hlorhaemidue, and the notopodial cirri of sundry other 1‘oly- 
chaetes, may take on a respiratory function. There are, however, 
certain “gills” developed eitlier on the pampodium itself or 
elsewhere on the body which it is difficult to liomologise. Such 
arc 1 , the retractile (/ills on the parapodia of the Glvccridae (Fig. 
.130, G); those of Ihtxyhramh'UR, near the abdominal ncuropodia ; 
those of Must okra hc/ihx, near the notopodia. uYephl/iys has a 
sickle-shaped gill on the under surface of the notopodium. The 
long gill filaments at the posterior end of Stcrnaspis , again, arc 
only doubtfully interpreted as the dorsal cirri of some of the 
posterior segments. 

1 Eisig, “ Die Cupitol Helen,” Fauna «. Flora G, v. Ncapel , Monogr. xvi. 1887, p. 331. 
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Since primitively the whole skin of the worm is respiratory, 
any part of the skin may become more or less specialised lor this 
function, and chiefly, of course, 011 the more actively moving para- 
podia. The blood-vessels constituting the essential part of the 
“ gill ” may make use of any already existing outgrowth (such As 
a cirrus or a tentacle), or may push the body-wall out on their 
own account. 


Internal Anatomy. 

Probably those organs which have the greatest effect in modi- 
fying the shape of the body are the septa, for we liud in the long, 
free-swimming worms that these are regularly present through- 
out the body, and external “segmentation” of the body is well 
marked. I11 burrowing and tuhicolous forms the septa are fre- 
quently incompletely developed, or more or fewer may be absent ; 
and tin 1 , body becomes less distinctly segmented externally, tends 
to vary greatly in diameter during movement, or becomes 
plumper. With the disappearance of the septa there is also a 
diminution in the number of nephridia, as in Atrnirofu, with 
only six pairs. Further, there is frequently a dimorphism of 
these organs ; instead of all of them serving equally as excretory 
organs and as genital ducts, some of tin 1 most anterior in the 
Sahelliformia and Tercbclliformia liecnmc greatly enlarged, and 
take on practically the whole of the former function ; whilst 
more or fewer of the posterior nephridia dwindle in size, and 
become genital ducts. The absence of septa allows a free com- 
munication between the successive segments, and thus a freer How 
of coclnmic fluid for the distension of the anterior end of the 
worm during burrowing. 

The alimentary system presents certain modifications of a 
systematic value. In the Nereidiformiu the muscular pharynx, 
which is always protrusible and is preceded by an eversible 
buccal region, frequently encloses thickened cuticular plates which 
serve as crushing and grasping organs. The form, number, and 
arrangement of these “jaws” vary in the different families. 
They form valuable fossil records of extinct worms. 

In the Scoleciformia and Capilelliformia the buccal region 
exists, but there are no jaws. In the Sabellifonnia and Tere- 
belliformia eversion does not take place and jaws ure absent. 
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Amongst the Nereidiformia the jaws are absent in the lMiyllo- 
docidae and Hesionidue ; when present they are usually set in 
the direct course of the food. There may be one small tooth used 
for stabbing, as in some Syllids (Fig. 141, A); or a circle of such 
denticles (Autolytus, Fig. 140, 1)). To these are added powerful 
grasping jaws in Nereis (E) ; or the latter may alone be pre- 
sent, as in Glyccra (F). In Poly not the four jaws are carried 

B 



Fig. 140. — Jaws of various Chactopod*. A, Transverse section of the anterior cml of 
Eunice; a , />, c t </, various purts of the upper series of .denticles lying in a social 
clmmlK*r ; r/, oesophagus ; k, lower jaw : B, the denticles of Eunice separated; L\ 
u pjwr series ; </, grinder ; b t forceps ; c, rasping plates ; rf, grater ; L, lower scries 
tooth; k, base into which muscles are inserted: C, Polynoid ; upper, ami 
lower jaws ; tooth : /■, base: D, Diagrammatic section across pharynx of Auto- 
lytus; E, of Serein ; F, of O'lycera; G, of Paly nut, 

by hard pieces, to which the muscles are attached (0 and 0). In 
Nephthys there is a dorsal and a ventral jaw. 

In the Eunicidac, however, the numerous denticles are carried 
in a special pouch below the food tract, with which it communi- 
cates anteriorly. 1 They are arranged in an upper and lower 
series. The lower scries (L) consists of a pair of flat plates (A) 
on egeh side partially embedded in and acted upon by muscles, 
with a harder enamelled piece — the actual lower “ tooth ” (j ) — 
at its anterior end. The upper series (U) consists of seyerul 
pieces, varying in shape and size in the various genera of this 

1 Compare with this the muscular organ of Dinqphilus , p. 248, Protodrilus , and 
a similar structure which occurs in Terobellids. 
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family; but developmental!}* they result from modifications of 
two rows of small, similar pieces. 1 

The intestine is generally straight and cylindrical, and is usually 
constricted by the septa, if these are present. T 11 the Polynoids 
the intervening sacculations become so long as to receive the 
name of “ caecji,” which, in uiphvoditc, become enormously elon- 
gated (Fig. 142) ; there are eighteen pairs of them (r), each being 


A 


B 

Fig. 141. — A. Alimentary canal or Sy11i«l s B, trans- 
verse section of pharynx of the same ; h % buccal 
region ; if, oesophageal outgrowth ; #/, salivary 
glands ; 1 , intestine ; j, tooth ; p, pharynx ; a gizzard : 
C, alimentary canal of Petta (after Wiren) ; t, in- 
testiue ; 0 , oesophagus ; r, rectum ; s, stomach. 



C 




Fig. 142. — Alimentary canal 
of AphnniUc. x 1. (Front 
(vcgcnbaur.) o. Anus; b, 
pharynx ; c, caeca ; 0 , 
mouth. 


a slender tube bent upon itself, giving off short branches and 
dilated distally, where it lies in the base of the parapodium. 

The intestine is looped in a few genera only, as in Tr aphonia, 
or coiled, as in Stcrnasjris, Petta (Amphictenid, Fig. 14.1, C), and 
Ammotrypam. In the course of the tube there may he a thick- 
walled muscular gizzard , witii hard cliitinous lining, as in certain 
Tcrebellids, where it appears to replace, in function, the pharynx 
of the Nereidiformia ; in the Syllidae the gizzard is present in 
addition to the pharynx (Fig. 141, A). 

Glandular appendages of the oesophagus are present in mqny 
1 Korschelt, “Uber Ophiyotrocha puerilia," Zeitschr. /. mm. Zool lv. 1898, p. 224; 
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worms. Amongst tins Xercidiforinia, the Syllable and Hesionidae 
possess oesophageal diverticula (Fig. 141, A, </), wiiich are used, 
not lor secreting a digestive fluid, hut as reservoirs for water and 
ail* swallowed by the. worms; and are provided with muscular 
walls, by which their contents can be driven out. They appear, 
in fact, to be used like the swim-bladder of fishes. 1 Many 
C'haetopods take in water by the anus — no doubt for respiratory 
purposes — and pass it forwards along the intestine. In the 
Capitellilbrmia a special groove conducts the water for some 
distance, then tin* groove liecomes closed to form a canal, which, 
after a course forwards as a free tube below the intestine, again 
enters the latter, constituting a “siphonal apparatus,” similar to 
that of the Kchiuroids and the sea urchins. 


Sense Organs. — In addition to the prostomial ryes, which art? 
present in nearly all the Xereidilbrmia and Spioniformia, eyes 




may exist elsewhere on the 
body: thus J fi/xied/tt in- 
fundibuhnn and Fabric ia. 
possess a pair on the anal 
segment; in M. acstheticu 
Clap, there is a pair to 
every segment: in Branch - 
iomma there is a compound 
eye near the tip of each gill 
filament (i.r. palp); whilst 
in Daxyclwne a series occurs 
along each gill filament. 
All these examples belong 


A 


to the Cryptocephala, in 


Fm. 14a. — A Kill filament, A, or Hranchinm ma, 
B, of hosychnnc. a, Axis ; J\ secondary fila- 
ments ; (/, compound eye ; .«■, lappets. 


which, owing to certain 
peculiar modes of life, these 
sense, organs are required 


in correspondingly peculiar positions. It is usually stated that 
FiJyaphthuhnus possesses, in addition to the usual prostomial 


eyes, twelve, pairs on as many successive segments; but the 
minute structure of these organs points rather to their function 


as light-producing organs. 

The Capitelliformia and Opheliidae possess a pair of j>eculiar 
“ ciliated pits ” or “ nuchal organs ” fit the upper side of the head, 


1 Eisig, Ml. Zool. Slat . Ncapcl ii. 1881, p. 255. 
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’ lx*tween the prostomium and peristomiiim, and capable of ever- 
sion (Fig. 144). They are most characteristically developed in the 
Cnpitelliformiii, when*, each organ abuts upon 
„ a special lolie of the bruin. The function of 
these “ciliated organs,” which liear a great 
resemblance to those of tlie Nemertines, is a 
matter of speculation. Similar organs, in the 
form of simple pits or grooves, occur in many 
of the Xereidiformia, Terelxslliformiu, and 
others. 1 

Otocysts arc ran?. Amiicola possesses a 
]>air at the base of the prostomium, each of 
which in some species retains an opening to 
the exterior. 2 They probably serve as “organs 
of direction ” rather than of “ hearing.” 

Ariria and Poiyopkthahn us likewise have such 
organs on the prostomium : whilst Fahriria, 

J ft/.ricofa, TnrheHa, and a few others possess 
them in the peristoiiiium, or in some other 
segment of the. body. 

Reproductive Phenomena. — With a few 
tinned below, the Polychaeta are unisexual, 
are developed in all cases from the lining epithelium of the body- 
cavity. The exact spot at which this occurs varies in different 
cases ; it may be, though rarely, on the floor of the hody-eavity : 
it is more usually on the wall of some blood-vessel, either the 
ventral vessel 01 1 on branches of it; or on the many blind blood- 
vessels of Aphruditt*. The number of such genital organs is 
very great in most worms, but in those presenting two regions 
of the body they are confined to the jawt-erior segments (Salielli- 
ibrmia, Terebclliformia, Oapitelliformia). The number is very 
limited in Arenieula and other worms presenting but few neph- 
ridia : in the former genus there being six pairs, in Tr aphonia 
only one. pair. 

The following genera are hermaphrodite ; — Amphiglena, Sal- 
marina, l*rotula , Spirorbis, belonging to the Subelliformia, to 

1 They are Hpocially large also iu the Typhloacolocidae ; while Racovitxa {Ann. 
May. X. H. (ser. 6), xv. 1895, p. 279) hat recently tuggested that the caruncle of 
Amphinomidae belongs to the category of nuchal organs, and compares it with the 
ciliated lappete of Pteroryllia. 

* . 3 Ehlere, ZeOschr.f. wits. Zool liii. 1892, p. 217. 
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Flo. 14-1 . — Amwntryimne 
mihujuster Ruthke, en- 
larged. (From Cun mg- 
hnm.) Anterior end. 
</, Prostomium ; ft, 
everted hueeiil region ; 
r, notojmdiiil cirrus : 
X, ciliated organ 
everted ; 1. II, III, 
first- three segments. 

exceptions men- 
Thc sexual cells 
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which must lie added some llesionidae. In this family ova 
and spermatozoa are developed around the same blood- vessel. 
But in the former group of worms (as also in Ophryutrovha) 
the two kinds of cells are produced in different regions of the 
body. Thus in Profit! a the anterior abdominal segments are 
male, the posterior ones female, while in ftpirorbis the reverse 
arrangement holds ; and in fy/lii* rorrusmiis the anterior 
segments of the body contain eggs, whilst the posterior region 
contains spermatozoa, and this region separates and becomes a 
male worm. 

The eggs and spermatozoa in the Polychaeta are discharged 
into the sea either by rupture of the body- wall or through the 
nephridia ; the male and female elements unite, and the result- 
ing fertilised eggs undergo development, either floating separately 
in the water, or embedded in jelly, or attached to the body or to 
the tube of the worm. 

The result of the segmentation of tin? egg is a free-swimming 
larva known as a “ Troehosphcre” similar to that of PnfyynrtliH#. 
The larvae of different species present various more or less 
marked departures from this type, for instead of the two girdles 
of cilia there may In*, only the anterior girdle, or there may be 
several complete or incomplete girdles between the two typical 
ones, or there may be (Cluietopterids) only a single girdle of cilia 
about the middle of the body, the two typical girdles being absent . 1 
The postoral region, after elongation, generally becomes marked 
out into three segments, and these segments develop chuetae, 
which are usually temporary and specially long. 

The little, animal is thus equipped for an independent, life: 
the provisional chuetae help in keeping it balanced ; and in some 
cuscs (Spionidae) serve to protect the little soft creature, for when 
it is touched it curls up, and its chuetae stick out at the sides, so 
that it looks like a hairy caterpillar. But the larva is quite 1 at 
the mercy of the sea, for it is earned hither and thither by 
currents, and in this way the species is disseminated. The 
larvae of the Tolychaetes, like those of other animals, occur at 
certain periods of the year in large quantities at the surface of 
the sea, and serve as food for various larger animals. 

1 See Claparede and MetschuikolF, “ Beit, zur Keunt. d. Entwick dor Cliaeto- 
poden," Zeitsehr.f. wins. Zuol . xix. 1869, p. 168 ; and Fewkea, “On the Develop- 
ment of certain Worm Larvae,” Bulletin Mm . Harvard , xi. 1883, p. 167. 



X 


DEVELOPMENT 


These larvae are at first very different from the adult animal, 
and the necessary changes to he pissed through are more or less 
great according to the species, pr 

It is not our intention to H iFJJ ^ 

descril)e these changes in do- *>-. 

toil. 1 The larva increases in m 't-f 

size, the permanent chaetae / jfl| ft 
make their appearance in regu- t ft WS l\ 

lar order, and the body exhibits f I W$ Al 

segmentation, the new seg- f m alKm Jmm 

ments always appearing just Wy HSI 

in front of the anal segment. A a B 

Tin* internal organs gradually *1 r c 0 

dc-v*,,. u,»l the jiroHhuiiml ml "*•„ *£-££**£ JtfSSSl 

paiupodial. appendages grow c, ujiicnl tuft of cilia ; c\ girdle of Lilia; 

Milt ill t lii.il- i ill'll In 1 |wi '• intestine; >/i, nioutli ; «t, stoiuucli. 

It Jll tJl .ll turn. Ill lilt. ^ Jjarva of S/no, with three ueginciitH, 

Sabelliformia the multitila- eight clay* oM. x too. r, Preoral 

niMiHniiH « cilia” ..visM liv «lm « irilll ‘ oi cilift 5 c# * l ,muifll girdle ; Ch, 

lia n tolls gills «llise l>} the long provisional clmutiie ; pr, prostoimum 

continued brandling of an at With eyes. (From Claparedc and Mutscli- 

tirst simple. process (the palp) ul ° ^ 

arising from the. latero-vcntral surface of each side of the. pivoral 
lobe.- These gradually encroach dorsally and ventrally till the 
prostoniium is more or less encircled ; meanwhile the peristomium 
grows forwards so as to conceal the prostoniiiiin, which no longer 
increases at the same rate as does the rest of the body. 

Although most worms appear to discharge their ova directly 
into the sea and take no further care of them, some make 
provision tor their offspring either by laying the eggs in a jelly, 
which will serve as food for the young larvae — Ariria, Ophelia, 
Protuhi, PhyUodo ce — or by attaching them to their body. In 
certain Polynoids the eggs are attached by means of a secretion 
to the hack, under the elytra, where they undergo development 
up to a certain stage. In Exogonc and some other Kyllids 
they are attached to the ventral cirri, pr in Qruhea limbata , 
all over the hack. In the female Autolytus ( Sacconcreis ) a 
ventrally - placed brood sac is formed by the burdening of a 

1 For an account of the anatomy and development of a Trochosphcre, Bee Hat- 
Mchek, on Kupomatus, in Arbeit, Zool. Inst, Wien, vi. 188&. Also Meyer, Ml, 
Zool, Slat, Ncapcl., viii. 1888, p. 402 ; and for Polynoid larva nee Hiicker, Zool, 
Jahrb. Abth. Anat, viii. 1895, p. 245. 

3 See Meyer (ref. on p. 261 ). 
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secretion ; the eggs develop into embryos inside the brood sac, 
and then, become free, with head appendages and three pairs of 
parnpodia. Enormous numlwrs of such embryos may occur;, 
for instance, some 300 were counted in a brood sac of Autoiytus 
ebiensis . In the case of tubicolous worms, the eggs are frequently 
attached to the tube, ei tlier inside or outside. In fipirorlis and 
tfalmaeiva the operculum serves as a brood pouch. 

Only a very few species are known to be viviparous, viz. 
Sylfis vivipnra Kr. f Cirrutulus ehrysoderma Clap., . ifarphysa 
sanyuinea Mont., and A Weis diversicolor Mtill. 

In most genera there is no external difference between a 
mature worm filled with generative products and an immature 
one, except, it may be, in the colour; for the yolk of the eggs 
is frequently tinted yellow, or piuk, or bluish, while the sperma- 
tozoa in mass ure white; so that the normal colouring of tin* 
worm may be modified when filled with these elements. But in 
a few instances striking anatomical peculiari- 
ties are exhibited by the mature worm. 1 In 
many species of Nereis, tor instance, those 
segments containing the generative products 
undergo more or less extensive changes, while 
the anterior ones remain unaltered. The body 
of the ripe Nereis is then distinguishable 
into an anterior lion-sexual region and a pos- 
terior sexual region ; and so great are these 
changes in certain species that the mature 
worms wore fur a long time believed to belong 
to a different genus, and received tlu? name 
Ifetenmvreis. But we now know their true 
Fl °*roi^ X^'e/Z relations, thanks to the work of Claparede 
yica ij. X i. A, Nou- and others. The males in the Heteronereid 
imT iiiofUtUMi' l^ ltlHe h |ivc fewer unaltered anterior segments 
(From Killer**.) than the females, so that there is a sexual 
. dimorphism. 

The changes which Nereis undergoes in its transformation 
affect chiefly (a) the sluijie of the parnpodia, and (b) the form of 
the chaetae of .these parnpodia. Other organs may also lie 
affected, though less noticeably ; thus the eyes become enlarged, 
the intestine may become so compressed by the generative pro- 
1 Many of tint Polynoids are sexually dimorphic. 
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duets an to lie function less, and the tail develops special sensory 
papillae. 1 

I 11 the pnrapodia an increase in size and a sharper delineation 
of the various parts take place ; then flattened foliaceous out- 
growths ( Fig. 147, .-tv//) arise from certain lolies of the feet, in which, 
too, the blood supply becomes greatly increased. The old choetae 
are pushed out by the development of new ones of quite a different 
shape; these are jointed like tin 1 old ones, but the appendix is, 
in many spmes at least, flattened and oar-shaped (Fig. 1 2*5, 0, p. 
24fl) ; and the chaetae are. arranged in a fan-like manner. Noth 
these modifications are in evident 
relation to the free -swimming 
habit which the llctcmnercid now 
adopts. The new foot serves as a 
swimming organ, the old one was 
a walking Appendage. 

“Whilst some speeies, such as 
the. common TSritish -V. diernti- 
rolor, undergo no change, and 
others become modified as just, 
described, others, again, are poly- 
morphic.. (laparedc was the first, 
to show that -V. dtnnvrilii may 
occur in at least five different 
mature forms; these differ from 
one another in size, colour, modi* 
of life., character of the eggs, etc. 

The immature forms may become 
ripe and lay eggs while still re- 
taining the. "Nereid” characteristics, or the.se immature forms 
may become “ Heteronereids " 2 whilst the sexual elements are. 
ripening. There are then three different kinds of males and 
of females in this one species, some being found ut the bottom 
of the sea, as the large Heteronereid form, while the small 
Heleronereid .swims on the surface. The relations of these 
various forms to one another, and the Causes leading to the 



Km. 1-17. — Pampodium of malt? "Helero- 
iimis" of X, jtrhitf tot L. x 10. (From 
Killers. ) it, Notoi>o<lifi] cimiN ; b, 
liotopoilium ; c, iieuroporiinm with 
new choetae ; c\ foliaceous outgrowth ; 
it, neuropodiul cirniH ; r, y, ibliacuouy 
outgrowths. . 


1 Clapar Me, “Annelides Chetopodes da Uolfo do Naples," Supplement, 1870; 
and Wistingliausen, Aft. Zool. Stat . Nrupet, x. 1891, p. 41. 

2 Claparede used the term “epigamous ” for this phase; Ehlers employed the 
term “epitokous," whilst he called the “Nereid" phase “atokaus,” under the im- 
pression that the worm did not become mature in this condition. 
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assumption of a Heteronereid condition in some cases and not in 
others, are unknown. 

A somewhat similar phenomenon is exhibited by members of 
the family Syllidae. 1 In this family sexual reproduction is 
frequently accompanied by the asexual modes of fission and 
gemmation. In some genera, such as Eum/IHs, Odontosyliis , and 
Exotjoiie, there, occur changes quite, similar to those, characteris- 
ing “ Hetero nereis ” — that is, the posterior segments in which the 
genital organs exist become altered, so that the worm consists 
of two distinct regions, and is termed a “ Heterosyllis.” The 
most marked change is the appcaruncc of a dorsal bundle of long 
capilliform chuetue in each of the* genital segments (Fig. 148, 1). 

Hilt in other genera the hinder genital region of the body 
becomes nrjutrated, on maturity, from the anterior noil-sexual 
region. Various stages of this " schizogamy,” or fission into a 
sexual and a non-seximl zooid, have been observed in different 
genera. In the genus fft/IHn the first segment of the sexual 
zooid, after its separation from the asexual zooid, proceeds to hud 
forth a head. The character of the head is alike in both sexes, 
though different species present heads of different shapes; and 
as the worms were originally described as distinct genera, the 
names them given are retained as descriptive terms. Thus the 
"Chaetosyllis” form lias only two tentacles ; the “ loda ” form 
has three tentacles and a pair of palps. One and the same species 
(e.g. *S # . hyatina ) may successively pass through these stages. 

With regard to the asexual portion, there is a regeneration of 
the tail segments after the sexual zooid has separated: and the 
numlier of segments so regenerated is usually equal to those that 
have become sexual. After a time these newly formed segments 
will produce generative organs, and take on the characteristic 
natatory clmetac, and this region will in its turn sejMirate. 

Hut in other genera, such as Autolytm, the regeneration of 
segments may commence before the separation of the sexual 
zooid; and the head of the sexual zooid becomes budded out 
before separation from the asexual portion. So that the animal 
now consists of two worms, each with its own head, separated by 

1 Malnquin gives a detailed account of the asexual reproduction in Syllidae in 
Recherches aur lea Syll idiom, Lille, 1893, and in Revue Biol. d. Kurd dc la France , 
iii. 1891. Sec also St. Joseph, ** Les annelides polychetes des cfltes de Dinurd, ” 
Ann, Sci . Nat, Zoo?. (7th scr.) i. 1888, p. 184. 
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a region or zone of proliferation (Fig. 148, IV). Moreover, in 
some species not only is the hinder part of the body converted 
into a sexual zooid, but the zone of proliferation becomes very 
active, and produces by gemmation a large number of segments. 


a 


Fus. 148. — Diagram* 
illustrating the 
various stages in 
the asexual forma- 
tion of a chain of 
zi mills. (Modified 
from Malu(|iiin.) 

I, Jfctcroiicreid 
or - lleterosylliil 
stage. A, Nmi-sex- 
liul : A', sexual 
region of the body, 
with iiiiiilitied 
para ] m« l ia. 

II, SyMx. Tin* A 1 
hinder sexual re- 
gi«m,B, issiinilarly 
iiimlilieil, ami will 
separate from the 
parent, zooiil, A. 
ami become an 
imli'iiciidcijt zooid. 

III, Avtatytmu 

The hinder zonii!, B, develops a head by building before separation. 

IV, .1 atnlytus. etc. A zone of building (: 1 makes its apiwur.uu'e in 
fiimt of the head of B, anil by its growth will give rise to a series of 
new segments in this middle of the body. 

V, .1 liii' inn it! tt, A ntolytuH. etc. From this zone of budding a very 
large number of segments have been formed, which have, further, be- 
come griHi|H‘d so ns to form three- individuals, C, D, E : B is tin* hind- ® 
most zooid, which js either formed from the hinder segment's of the 
parent zooid or is produced by budding, like C, D, E. 




which become marked out, by the apjjeaiance nf heads at intervals, 
into a number of zooids, in which genital organs will later make 
their appearance. A chain of uh many as sixteen zooids may tic 
formed in Autolytns (Fig. 148, V) — the hindermost by conver- 
sion of the hinder jairt of the. body of the original “ stock,” the 
intervening zooids by gemmation. 

One original " stock,” or asc k xual zooid, thus produces several 
sexual zooids, but these are" only of one sex for a given stock. The. 
males differ in several important characters from the females; so 
different, indeed, are the two sexes that before their history was 
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worked out by Agassiz 1 they were placed in different genera. The 
male zooid has thus come to be known as Polyhoxtric.h us (Fig. 149, 
B). It lias tliree tentacles and two bifid palps ; there art 1 two 
pairs of peristomial cirri ; the testes ure confined to the four 
anterior segments, which are without natatory chuetae. The 
female is termed Suo.ronerHa, owing to the possession of a- great 



Fiii. 141). — Mi/ritiiiitia fat *- 
r itt fit. (From Mnlnquiii.) 
The bright red markings 
of the living animal are 
lion. 1 represented block. 
A, An nNcxnal imliviilunl 
which lias produced by 
building from the zone {z) a 
chain of twenty-nine zonids, 
the oldest being labelled 
1, the youngest 29. B, A 
rijH- male zooid {I'ufy/ninfri- 
i/ihm), wilh three tent:lde:i 
iiuil n pair of forked pulps 
{/>). Then* are five 1111 - 
ultered anterior segments. 
C, A ripe female zooid 
(#Sr/i. , ti>/i# , ivM) with the palps 
fused with the prosto- 
niiiiiii ; m, the ventral brooil 
pouch projecting on each 
side ; f, tentacles. 


ventral lirood sac; its head jMissesses no separate palps: the 
peristomium carries only one cirrus on each side; ova occur in 
every segment of the hotly, and may even extend into the 
hinder segments of the asexual zooid (Fig. 149, ('). 

A further development of this process of gemmiiiarity is 
exhibited by Myrianida. Here, there is no conversion of the. 
hinder segments, hut the. normal preanal zone of proliferation 
gives rise to a large munlier of new segments. After a time the 
most anterior of these becomes a head, and thus a new zooid 
1 Alex. Agassiz, Boston J. Xat. Hist . vii. 1808, p. 384. 
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is marked out. The zone of proliferation immediately in front of 
the new head now proceeds to form new segments, and a second 
zooid results. This process goes on till a considerable number of 
new worms have been formed at the tail of the original one, 
the oldest of these new ones being the most posterior, the 
youngest next the original “ stock.” Tn each zooid there is 
a zone of activity which adds to its numl>er of segments, so that 
as we iwiss backwards the zooids increase in size. As many as 
twenty-nine such zooids may be formed in this way entirely 
liy. gemmation ; and as each zooid liecomes completed, genital 
organs make their apjieariince, and when these are ripe the zooid 
separates from the “colony ” and leads an independent life. Hew, 
as in Antolytus, the sexes are dimorphic, the male and female 
resembling those of that genus. 

The process of gemmation, as seen in Autolytux, closely 
resembles that exhibited by certain Oligochaeta (Xaididne), 
where there exists a definite alternation of generations ; the 
production of new individuals by gemmation oecurring through- 
out the greater part of the year, and sexual reproduction recur- 
ring only at certain intervals. In the I'nlyelmeta such alternation 
exists in Myrin nithi hut it is only the terminal link of a series, 
which takes its starting-] mint in the process exhibited by the 
majority of Annelids, where 110 sexual character marks maturity. 
The next stage 1 is presented bv 11 epiga 11101 is ” forms like lfetero- 
nereis ami Heterosyllis ; then “ scliizogainy ” makes its appear- 
ance in certain Syllidae, resulting in the formation of two 
morphologically and physiologically distinct individuals which 
lead inde]iendent lives. The ap]*?aranee of a ltead and of a zone 
of proliferation leading to the formation of a chain of sexual 
zooids is accompanied hy a delay in the appearance of the 
genital organs, for in Autolytus these arise daring the formation 
of the new individuals, as part of the general process of new 
formation; whilst in J Fyrianida the delay is prolonged, and the 
generative elements do not make their appearance till after the 
new individuals liave reached some size. 

More simple cases of the separation of the body into two 
parts, sexual and asexual, occur also in some of the Scrpulidae. 
Thus in Filigrana and Salmacina the generative elements make 
their appearance in the hinder segments, as they do throughout 
the Sabelliformia ; and this hinder part of the body separates 
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from the. {interior region after the formation of a new head 
between the two regions. 1 

Another modification of the process of budding and fission 
is exhibited by tfr/ftix rawout, one of the most interesting forms 
of animal life, which was obtained by the " Challenger.” This 

worm consists 
of a main stem, 
whence arise a 
number of latent] 
branches. which 
may also branch 
so ns to give rise 
to an arborescent, 
colony (Fig. loO). 
The branches of 
the first and second 
and higher orders 



Kies. lM). 1’ortion of Si/flix rtwwm (Reduced fre 
M'lntofth.) 


arise by budding 
from the sides of 


the original form or branches of lower order; and some of these 
branches develop generative products, mul hud forth a. head 
near the point of attachment. These sexual brauehes, no doubt, 
separate from the eolony and distribute the ova. The worm 
lives in a ITexaetinellid sponge, Cr<tf.rromorpha mn/cri , living in 
depths of 9o to 140 fathoms in the Fasten i seas. 2 

Regeneration of lost Parts. — -The process of budding and 
fission of the worm into two parts is merely an extension of that 
resulting in the formation of new segments when the worm is 
injured, in most of the Nereidiform Polycliaetes the number of 
segments forming the body continues to increase throughout life 
by the formation of new segments between the unal segment and 
the one in front of it ; that is to say, there is normally a process 
of budding taking place at this point. Now in many of the 
longer worms it may be noticed that the segments of the hinder 
end suddenly become smaller than the rest ; these are segments 
newly formed to replace those lost by the worm. But this 
ff regeneration, ” though the same in principle as ordinary growth 


1 Huxley, JCtlinb. New t'h Humph. Jaunt. 1855, i. p. 113. 

* “ Challenger '* Report*, vol. xii. 1885, “ Polyrhaetn,” p. 198 ; and Oka, Zoulog, 
Central bL ii. 1895, p. 591. 
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at the ]>eimltinuite moment, in due to activity in a segment (any 
segment) further forwards ; iu other words, in the less modified 
worms every segment has the power of forming new tissues, just 
as each of the joints of a crab's leg has the ]K>wer of forming 
the remaining joints when injured. It is not therefore surpris- 
ing that a “ zone of budding ” arises in an uninjured worm at 
certain seasons, viz. that of reproduction ; it is a property that 
Oiich worm possesses, though generally it i*emaina latent till 
injury provides the stimulus. 

Moreover, not only can new segments arise at the hinder end, 
hut a new head can la* formed at tin* anterior end, as has licou 
observed in worms lielouging to many families-- in the less modi- 
fied Hyilidae, 1 in others of the Xereidiforinia, and even in 
Salsdlids, where the greatly specialised gill filaments can la* 
reproduced. Tims Sir J. Dal yell 2 noted in Dnnt/rhoin' that the 
crown of branchiae was regenerated iu about a mouth in spring- 
time, while in winter the process occupied 1 10 days. He cut a 
Jh aye hone into three pieces ; the hiudermost produced a head, 
the anterior pirn* developed an anus, and the middle purtion 
formed both a head and tail ! 

These regenerated heads are of course at first smaller than the 
rest of the body, but soon grow to a normal size. Naturally 
this extensive power of regeneration is of extreme value to the 
IN ilychactes, for if a fish or other enemy bites the head oil' a 
worm,* a new one can form: and it is not diflieult to set* in this 
the origin of the reproduction by fission as u normal process. 

1 Two new heads liuve Ix-cn »Wm-d in Tmmullin mnnjntn hy Lniigi-rlinns, mid 
two new tnilM in uuotlier Si //I is. 

* Dalycll, The I’ouns 0 / the Creator revealed, </«•., voL ii. 1S58, n. 235 et *•>/. 
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NATURAL HISTORY OF POLYCHAETKS — GENERAL HABITS CHAR- 
ACTER OF TUBE AND ITS FORMATION COLOURING I'UOTKl 

TIVK AND MIMETIC DEVICES — PHOSPHORESCENCE FOOD 

USES ASSOCIATED WORMS — WORMS AS HOSTS DISTRIBU- 

TION — FOSSIL REMAINS. 

All the limny himdreils of species of Polyclmetes are marine, 
with a very few exceptions, which have U?en in recent years 
recorded from fresli (i.r. drinkable) water, viz. a species of Karin 
from a lake- in Mingrelia, another Nereis and a Lumbricimerein 
from running water in Trinidad, 1 a Sain ‘Hid, Afrnifty unhid 
sprriosa? from Philadelphia ; and another Sabellid, Cuobanyift? 
from fresh water at Tonquin, which lives in borings in shells 
of Me Iff uia ; and it is by no means improbable that other fresh- 
water Polychaetes exist in bike Tanganyika in Africa, where a 
Medusa has recently been discovered. 

Til brackish water of. various densities many Polychae tea live ; 
Arenieolii especially is regardless of the character of the medium, 
and Nereis tliorrsieofor appears to withstand considerable admix- 
ture of fresh water. 

The majority of the Polychaetes occur “ inshore,” that is, be- 
tween tide-marks and in shallow water down to 20 fathoms; hut 
they occur at all depths more or less abundantly, and some have 
been dredged from depths of more than 1)000 fathoms. . 

The nature of the soil composing the shore has a good deal 
to do with the number of worms' to be found there; thus in cal- 
careous districts they arc fewer than in places where harder rocks, 

1 von Kcimel, A rb. Zool. Instil . JVih'zburg, vi. 1883, p. 259. . 

3 Loidy, Proc. Acad. Hat. Hist. Philadelphia, 1883, }>. 204. 

8 Giurd, C, II. Soc. Bid. v. 1803, p. 473. ■*' 
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BUi'lt tiH granite, form the shore line, for the chalk or limeRtone 
weurH uwny more quickly, anil exposes to deRtrnction the womia 
which nmy liave sheltered in its crevices: further, it does not 
give so permanent a place of attachment to seaweeds, on which 
many Polychaetes feed. The calcareous rocks, too, are more 
likely to l»e traversed by springs of fresh water, which is not 
to the taste of the worms. The sand resulting from the destruc- 
tion of the rooks, whether hard or soft, is of itself unsuitable to 
the majority of worms, which arc most abundant where miul 
containing decaying vegetable matter is mixed with the sand : 
this, which gives a firmer consistency to the soil, so that the 
burrows retain their form better, supplies food for the borrowers. 

General Habits. — The division of the Polychaetes into the 
“ Ernmtia ” or free-swimming and wandering forms, and “Seden- 
taria ” or tubicolous and sedentary forms, is a misleading mode of 
classification, for as a matter of fact only a comjmmtively few 
forms arc really free-swimming throughout life; the majority, 
even if they do not form definite tidies, burrow galleries for 
themselves in the soil, and these burrows arc in many eases only 
rarely left ; this iH true of both groups. Amongst the “ errant ” 
Polychaetes nearly all the Eunie.idae secrete a parchment-like tube, 
aud some Polynoids form mud tidies. Among the “ sedentaiy 
worms ” there are forms which merely burrow; while. Myxicola 
readily leaves itH gelatinous till si and swims freely ; Prctiiwnu 
carries its house with it as it moves about, and J’ofycirn/s, a 
TVreliellid, does not form any tube at all. 

Owing to their sedentary habits, quite a representative collec- 
tion of genera may be made, especially at a spring tide, ut any 
seaside place which is provided with a sandy shore, aud with 
rocks and seaweed. The larger species, however, require to lx* 
dredged, nml the best time is at night,- for then many forms 
which, during the day are concealed in their burrows, will lie 
issuing forth to obtuin food. 

It may lie useful to give instances of worms occurring in 
various situations between tide-marks. .Throughout pretty well 
the whole of the area left uncovered by the tide, even up to nearly 
liigh- water mark-, in many parts of tlie coast, the cylindrical 
"castings" of sand aud mud, forming little heaps, indicate 
the burrows of Arovicola, .the common " lug-worm " ; these “ cast- 
ings” have passed through the worm’s body, having been 
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swallowed during the process of burrowing as well as for the 
purpose of obtaining food, as in the case of the earthwonns. 
Eat her nearer the water may be seen little tufts of sand-threads, 
about an inch high, springing from a short piece of cylindrical, 
sandy tube rising up out of the sand ; this is the. head end of 
the tube, of Tarhelht conrhileya (Fig. 153). 

Amongst the rocks may be found loose stones of different 
sizes; ou lifting them up, various kinds of worms may be 
brought to light, according to the locality, the time of year, the 
position with respect to the sea, and so on. Puli/ fine is pretty 
sure to be present somewhere near low-tide mark; the number 
of Hpecies is considerable, and their colouring very varied: but as 
the worms have a habit of. remaining still on the under surface 
of tile uplifted stone, the, observer may easily overlook them. 

Other worms occur below the stones, more or less buried in 
the sand or mud; for instance, a small Nereis may lie lying in its 
temporary burrow immediately underneath, and will at once, 
withdraw from the now injured' put of the burrow: while deeper 
in the mud or sand, especially in rather liiglily-snielling mud, 
little red worms are Abundant, such as Srofojihs, Xerine , Cajiit.elhi, 
and others. By digging near low water one may Jind Xejiht/n/s , 
Qlyecrn % and others burrowing or hiding in the. soil. 

hi rock pools, or sandy stretches amongst rocks kept moist 
and cool by abundant Funis , one may see under stones the red 
or yellow gill filaments of V i mil ulus and of Terebellids protruding 
from their burrows and tubes, while other worms are to be met 
with iu clefts of the rocks, and amongst the roots of Laminaria . 

Still farther out, below low- water mark, where one must 
wade, can be seen the lieautiful branchial crowns of various 
Sabellids protruding from their tulies; but care is necessary on 
approaching these worms, as eyes are, in many cases, present on 
the hranehiae and a shadow is readily perceived; then the 
brightly -coloured tuft disappears, and only a piece of sandy or 
muddy cylindrical tubing remains to tell where the Sahel !a lias 
withdrawn. In order to obtain the worms one must dig (prickly 
and deeply before they have lieen disturbed ; for the tube is of 
considerable length, and the inhabitant withdraws to the bottom 
of it. Some of these sofb-skinued worms have the power of 
boring into hard rocks, 1 though by what means they do so is 
1 Sue M'Intosh, Ann. Mag . Nat. Hist. (scr. 4) ii. 1868, p. 276. 
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Kin. 151 fii/meitr rhi- 

1 ‘tuff* in its tulio (/) 
(from /{tff lit* Ani- 

mu I). 1 /, Anterior, 

posterior eml, which 
in, however, iujureil. 


uncertain. 1 * 3 Paly dura riliata makes a tube of mud projecting from 
the mouth of U-shaped galleries in chalk, limestone, shells, and 
even shale; it has no hard jaws or other 
structures sufficient to account for tins holes, 
hut it is possible that the specially strong 
chactae on the sixth segment may be of 
some use in this work. Other lithodomous 
worms are SaMla atuicara and IMwac.rria 
ponchannn, which is a common little borer, 
forming galleries in oyster-shells, etc. 

The tubes formed by these Polychaetes 
aw very varied in constitution.' In some 
cases a mucus, which hardens to form a 
iirm protective. envelope, is secreted from 
special parts (r.y. the. ventral gland shields 
of Tewbellids and Sahelliformia), or from 
the. greater part of the general surface of 
the body ; in other cases the secretion serves 
to stick together particles of mud or sand, 
or shelly fragments, so as to form a more or less cyl ricnl 
tills 1 , (rawly branched), which is lined internally by the hardened 
“ mucus,” having the. appearance of silk. 

But the process of tube-making is not a simple one, for in 
many cases, at least, the worms exhibit definite jiowcrs of choice. 
Tlius some, species of SaMla choose only the very finest particles 
of mud : TrnMfa punch ilrya chooses fragments of shell and grains 
of sand; Otiuph in punch ylpya employs small stones mow or less of 
a size ; tfabcllaria makes use only of sand grains. Whilst some 
worms, like Ter della, Kiromuchr , and others, make a very irregu- 
lar tube, Pectinaria builds a most remarkably neat house, 
open at each end, which it carries about with it, the. narrow end 
uppermost (Fig. 152); the. grains of sand aw nearly all of the 
same size uud only one layer in thickness, emliedded in ahundunt 
"mucus,” and with the outer surface quite smooth. 

Sir J. Dalyell 8 made some most interesting observations on 
the method followed by sundry tube-formers in the buildiug of 


1 Lankester has suggested that a strong acid is secreted for the pur]KMe, see Ann. 
Mnj. Nat. Hist. (scr. 4) i. 1868, p. 238. 

9 M ‘Intosli, Ann . May. Nat. Hitt. (scr. 6) xiii. 1894, \i. 1. 

3 Dalyell, The Powers of the Creator revealed, ij. 1853, p. 217. 
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their tenement**, and them ol Nervations, though made nearly half 
a century ago, have required very little addition or correction in 
modern times. In speaking of Sahdla , he writes as follows : — 



Flu. 152. 



Flu. 158. 


Flu. 152.— Thu till* of I’cdimtria avritwma, x3. 
(From M'lntofth.) This is its natural position ns 
carried about by the animal. 

Fir.. 1 58. —The upper end of the tube of Ttrebella «#n- 
chifrya. Slightly enlurged. (From MTntosh.) 


"Let a tall and ample crystal jar containing a Sabella he 
emptied of its contents and speedily replenished with sea-water ; 
the unimal, if in view, has retreated during the short interval ; 
the orifice of the tube is closed, all is at rest. Hut soon aftef 


XI 


FORMATION OF TUBE 


289 


replenishment it rises, to display its branchial plume still more 
vigorously than before, and remains stationary, as if enjoying 
the freshness of the renovated element, always so grateful — the 
harbinger of health and strength to those whose dwelling is there. 
The passing spectator would conclude that he now taholds only a 
beautiful flower, completely expanded, inclining towards the light 
like some of those ornaments of nuture decorating our gardens. 
He pupses in admirutiou. But if a drop of liquid mud falls 
amidst the element from above, disturbing its purity, then, while 
the plume unfolds to its utmost 
capacity, does the animal com- 
mence a slow revolution, the body 
also passing around within the 
tube. Now are the thousands of 
cilia fringing the ribs the 
secondary filaments] of the bran- 
chiae discovered to be in vigorous 
activity, and* their office to be 
wondrous. A loose muddy mass 
is soon afterwards visibly accumu- 
lating in the bottom of the funnel ; 
meantime the neck or first seg- 
ment of the body, rising unusually 
high above the orifice of the tubes 
exhibits two trowels beating down 



the thin edge as they fold and „ «... 

. / ... Fn-. lf»4. — Tertthella amchUeya Pull- 

clasp over the margin, like our Upper wui of the tube (*) allowing tii« 


anterior end of tlie worm. A, It* head ; 
/, tentacle* colluding mild grain* (y) 
in their groove* ; x, wind grains In 
mouth of worm ; /, filamentous fringe 
of tube. (After Watson.) 


fingers pressing a flattened cake 
against the palm of the hand. 

[This refers to the lappets of 
the peristomial collar.] During 
these operations muddy collections are fleen descending lietween 
the roots of the fans [right and left gills] towards the trowels, 
while another organ, perhaps the mouth, is also occupied, it 
may l>e, in compounding the preparation with adhesive matter. 
Still does the partial or complete revolution of the plume above, 
uud of the body within the tul>e, continue ; the bulk of the muddy 
mass diminishes, activity abates ; it is succeeded by repose, when 
the'tube is found to have received evident prolongation.” 

The Terebellids lise their numerous tentacles iu searching 

VOL. 11 . v v 
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for particles of sand, etc.; each tentacle is grooved along its 
ventral surface, and the particle is conveyed along the furrow to 
the mouth. These particles are actually taken into the mouth, 
and mixed with some sort of secretion ; on ejection again, each 


particle is placed hy another tentacle in its position at tin; 



edge of the tul>c, and hy means of its lower 
lip the Terebellid works it into place . 1 

But whereas the greater numlier qf tubi- 
eolous worms make use of adventitious mate- 
rial wherewitli to strengthen the wall of 
their tube, the Scrpulidae secrete carbonate 
of lime from their tube-glands, and mould 
a tube of this substance. Amongst the 
Kunicidae. the secreted substance is of itself 
strong enough to protect the animal; for 
in Jlt/ali itoccia and sj>ecies of JSvnia* the 
till w consists of a translucent, tough, parch- 
ment-like material. * 

Chemical analysis has hvm employed in 
a few cases to determine the substance coin- 
]>osing the tube. In the case of HyaJinoecia 
(sometimes erroneously called Omtjthis) the 
material consists of a phosphoric salt con- 


Fio. 155. — Hvntcc tuining magnesia and a characteristic organic 


Court x £. Thu 
branching tulie (0 
with tho worm (#r) 
protruding its head 
through oiiu of several 
openings. * (From 
Ehlers.) 


substance “ on uphill ” 2 ; in Sjtirof/nqjlt is, a 
Sabellid, the name ,c spirographin " is given to 
its social secretion, whilst in Serpulids the 
organic huso of the culcureous tube is “ con- 
chiolin.” 


The majority of worms are solitary, but there are a few 
instances of social worms — not that there is any co-operation 
or distribution of labour amongst the individuals, but they 
merely occur together in quantities; thus the sandy tubes of 
Sabellarla may form compact masses of several cubic feet, which, 
left uncovered by the receding tide, look like rocks upon the 
shore; as, for instance, at Paignton and Torquay. Filiyrana 
imp! exa ami Ser/ntla nncinnta similarly intertwine tlieir calcareous 
tulies to form musses. 


1 Watson, Joiirn . Jl. Mic. Sac. 1890, p. 635 ; see also D&lyell, lac. cit. ii. p. 195. 
9 SidmiicdiduTg, Mt. Zaal. Slat. Xtupcl 9 iii. 3882, j>. 373. 
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Whereas most worms live at the bottom of the sea, at various 
depths, a few are to be found at the surface. Purely } >elagio 
habits are confined to a few families, viz. Tomopteridae, 
Typhloscolecidue, and the Alciopids and others amongst the 
Phyllodocidae ; though Ncctorkaeta , one of the Polynoidac, and 
Ophryotrocha , one of the Eunicidae, are modified for this mode 
of life . 1 Several genera Ijecome pelagic during the breeding 
season. All these forms are excellent swimmers, and many 
of them are transparent. 

The Colouring of Polychaetes. — The majority of Polycliaetes 
quickly lose their colour in spirits, and become uniformly dull or 
light brown in museums. There are a few, however, which retain 
their brilliancy, like Aphrodite and (Jh/oria, but in both cast's the 
coloration is due to the bountiful hair-like bristles ranged along 
each side of the animal ; in the former the colours of the rain- 
bow fiash from specimens which have been kept in spirit for any 
length of time. The Polynoids, too, with their golden chactuc 
and pigmented scales, retain to some extent their characteristic 
colouring. But the colours of most Annelids ant due to 
pigments in the skin, together with the haemoglobin of the 
blood, which are soluble, or otherwise changed, in alcohol ; for 
instance, the bright greenish-blue tint of the common Phyltodore 
of our coasts is changed to a rich chocolate brown ; but such 
cases an? rare, most worms becoming more or less decolorised. 

The varied colouring in the Polychaetes, as in other animals, 
is due to a variety of causes. The red is in many cases due to 
haemoglobin of the vascular system showing through the trans- 
parent body; the green -of the tentacles of the Subcllids and 
Chlorhaemids is similarly due to chlorocruorin. In other cases 
the contents of the intestine or the tint of the coclomic fluid 
may utfect the colour of the worm. In CupitcUa the coloured 
excretory products are retained in the skin ; in an Eunicid 
living in a yellow sponge, on which it feeds, the colour- 
ing matter is extracted and stored in the skin ; in the same 
kind of way green caterpillars may owe their tint to feeding on 
green leaves.. But many of the Polychaetes possess distinct 
pigments in the skin; thus in Arenirola the dark pigment 

1 For pelagic forms, sec Camille Viguier, Arch, dc Zoo l. JSarjtdr. (ser. 2) iv. 1886, 
p. 847 ; also Reibisch, Die pelag. Phyllodociden u. Typhloscoleeide n d. Plankton 
Zapped. 1895. 
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melanin lius been recognised ; in Ch'ratuhis and Nereis certain 
lipochromes ; whilst Eulalia riridis contains a pigment allied, 
to bonelleiu. These various pigments yield different absorption 
bands when a solution is examined with the spectroscope ; others, 
however, give no bauds, but are distinguished by different chemical 
reactions . 1 The colour of the intestine of Chaetoiiteru* has been 
stated to be duo to “modified chlorophyll” but it is quite a 
different substance. 

When seen in the living and healthy condition, however, these 
Polychoete worms vie witli the very butterflies in their brilliant 
and beautiful colourings, and though our own worms are not 
lacking in beauty, many tropical and southern forms exceed them 
in gayness of tint, Hright reds, orange, yellows, greens, blues, 
rich violets, and sombre browns are all displayed . 2 

The handsome Te rebel la nebnlusa of our own coasts is coloured 
bright red, sprinkled with white spots. Nicomachc Itimbrica/is 
is pink, with red girdles. Eunicids are frequently red or brown, 
and the red gills along cadi side, together witli a brilliant 
iridescence, render these worms very beautiful. Nereids present 
a great range of coloration, from light green to sundry tints of 
brown and reel in various combinations. Amongst the. Serpulids 
our common /S'. rerm icularis is a very showy little worm, with its 
orange body, its red gills splashed with orange, and its orange 
operculum streaked witli red ; and a Southern form, P/aeostcyvs 
coeru/eu*, occurring at the Otqie of Good Hope, is provided with 
beautiful lavender- blue gills. Our own Sabellids present ex- 
amples of Ix’uutiful markings on the gills, in different colours or 
in different shades of tlic same colour.* Amongst Tolynoids, P. 
lencohyha, from the Antilles, lias blue, elytra ; Hemileindia erythro- 
taenio , a long worm from the Cape of Good Hope, has the 
anterior end of its ln>dy covered with light blue elytra, whilst 
the uncovered ]»irt is orange, with a broad niageuta-red bund * 
along the dorsal surface. 

The Phyllodncids are mostly very brightly coloured. The \ 
common P. lameUiyera of our coast has a bluish-green body, ' 
with olive-green par&ixKlia ; but Lojyadorhynchus erythrophylluin / 

1 Tjankcafcr, Juurn . Anal. and Physiol. 186$, p. 114 ; and 1870, p. 119 ; see also-.. 
MacMimn, '* O 11 the Chromatolog}' of the Blood in some Invertebrates,” Quart. J. 
Jficr. Sci. xxv. 1885, p. 469. 

* For coloured pictures of worms consult Schmarda, “ Neue wirbellose Tliicre," 2nd .• 
part, 1861 ; Milne Edwards in Cuvier's “ Regne Animal ” (Ed. Disciples de Cuvier). 

' -i . ■ .j - 



XI 


COLOURING 


20 3 


• from Jamaica, has a blue body with red para- 
]>odia ; whilst Notophyllum myriacyclum 
lias a brown Ixxly with longitudinal dark- 
brown stripes and yellow pampodia. Both 
these worms live in coral reefs, where 
brilliancy of colour is one of the character- 
istic features of the fauna. Other worms 
are of various shades of green : the dark 
green Armicola with red gills; the bright 
green Eulalia viridis ; the deep green 
A in jihinome sm aragdina, from J a arnica ; 
( rnathosyllis diplodonta , with its green and 
yellow' body, serve as examples. 

Patterns or "markings” may be exem- 
plified by Lfyidasthenla elcgans (Fig. 156), 
ai^d J Tgrianida fascia fa' which has a bright 
red band on each segment (Fig. 149, p. 280). 
From this brief list of examples it will 
be seen that beautiful, and even brilliant, 
coloration is not confined to any particular 
mode of life ; many of the most typically 
tuhicolous forms, like the Tercliellids and 
Serpulids, are as brilliantly coloured as the 
most typically free-swimming genera, like 
the l’hyllodocids. Carnivorous forms like 
Amphiuomids and Syllids present as wide 
a range of tint as the limivorous forms 
like Uirratulus, Sahella , or Maldanids. 
Shore-lovers, and deep-sea dwellers, and 
surface - swimmers, all exhibit equally 
bright or equally sombre tints ; it is 
therefore difficult and rash to dogmatise 
on tKe “ use ” of these colourings to these 
animals, or to point to this worm as 
being protectively, to the r otlier as being 
wumingly, coloured ; for we are too ignorant 
os to the habits of the worms. 

■ Protective and Mimetic Devices. — 
From the point of view of " protection ” in 
the evolutionist’s sense of the word, we can*. 



Fns. 156 . — Lepidastktmia elegants Gr., x 2, to illustrate colour-markings: the dark bands in the anterior part of the body occupy two elytrifernus, ! 
mud the intermediate segments. In the hinder region, where the elytra are in every third segment, this one is dark, ef.12, The twelfth 1 


294 


POLYCHAETA 


CHAP. 


say but little. Protective resemblance there is undoubtedly amongst 
the Poly noii Is, for the scales of these forms resemble more or 
less closely the stones or sand amongst which they live ; in the 
same species there is great variety in coloration. This protective 
habit is carried still further in the case of P&ammolyce by the 
attachment of sand grains to little cups on the elytra, so that 
the buck of the animal is concealed. Certain commensals, such as 
Poly mil arenivolite, P. pentnctes, are coloured so us to resemble their 
associates. In a few cases it is possible that the gills of Sabelli- 
formia ait*, protectively coloured ; for in Sahel! a jmvonia they vary 
from a light yellowish tint to a deep violet-brown, and the dark 
markings on them are therefore more or less distinct. Spread 
out as the gills are in life, they are in many cases diflicu!t to 
recognise ; it is rather their movement as they are withdrawn 
that attracts one’s attention to them, as the tubes of these 
worms frequently serve for the attachment of brownish seaweeds, 
to which tlm gills lie.ar resemblance. But, iis a matter of fact, 
little work has lieen done in this direction, and speculation on 
the matter without evidence is worthless. Many pelagic- forms, 
being transparent, such as Tomvpteris and Aleiopids, are no doubt 
protected by their luek of colour; yet these forms present 
brightly-coloured spots, — the light -producing organs in the 
parapocliu of the former, and the large dark eyes of the latter. 

Semper 1 * mentions a case of possible mimicry in a sjjocies of 
Myxivala which lives in the clefts of a coral, Cltuloeoru. The 
branchial funnel, when expanded, resembles very closely the 
expunded coral in sire, colour, etc, ; but he points out that the 
species occurs in other situations, where its colouring is not pro- 
tective. I’rolmbly the “ mimicry ” is in other instances merely 
occidental. 

No doubt many Polycliaetes may be “ warningly coloured,” but 
experimental evidence is incomplete. Poly cirrus anrantiacus is 
bright red, with orange tentacles ; these worms were rejected by 
certain fish . 3 The animal has given up living in tubes us all its 
allies do, and it is the tentacles which appear to be distasteful 
to its enemies, for when irritated it coils itself up and wraps 

1 Semper, Animal Life , “ Internet. Sui. Series,’* 1881, p. 401. 

9 The experiments were made by Mr. Garstang at the Laboratory of the Marine 
Ufological Association, and are recorded by Poultou in The Colours of Animals, 

“Internat. Sc-i. Series," 1890, p. 201. 
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itself round with its tentacles. Moreover, when the tentacles 
were cut off the fish (lid not reject the body of the worm. The 
tentacles are thus coloured in such a way that iisli recognise 
them, and associate with the colour some distasteful property. 

Phosphorescence.— Many worms of very different habits 
have the power of emitting a light from some parts of the l>ody, 
and they are then said to l>c “ phosphorescent.” 1 Proliably 
Vhaetojderus is most eminently photogenic ; the base of the great 
“ wings/’ the “ funs/’ and other parts emit, on stimulation, an azure 



Fig. 157. - -Charhtptennt mriojHuhttm Ren. v J. On the left the entii animal, with 
the three regions A, H, C. e, IVristmnial cirrus; d, “sucker ” e, the great 

“wings”;/, ‘•fan”; m, mouth. On the right the animal is repr- <ented in tho 
dark, under stimulation, so as to exhibit the phosphorescent portiois of the body. 
(Prom Pauceri.) 


blue to greenish light, so bright that one may read one’s watch 
by it. Several species of Polymtc exhibit a similar phenomenon, 
each elytron, with the exception of the area of attachment, being 
•brilliantly illuminated In these species the phosphorescent 
elytra are frequently thrown off by the animal, so that possibly 
they deceive enemies. Poly cirrus aurantiacm produces a beautiful 
violet phosphorescence ; usually its many tentucles alone show 
the light, hut under strong stimulation the entire body takes 
1 Pattern, Atti Acad, Sci, Xt/poli, vii. 1875. 
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port in the display, and no doubt the phosphorescence has, like 
the colour, a “ warning ” purpose. 

The production of the light in these various forms is apparently 
due to two different processes. In some cases, e.g. Cliaeiopterus , 
Syllids, Terebellids, it api>ears to be due to the oxidation of 
certain cell contents which are discharged more or less freely on 
irritation of the nerves; whilst in Polynoids the phenomenon 
is due to some purely nervous process, for the elytra have no 6 
glands, but are provided with ganglia and a nervous network. 

In other worms, however, there are definite light-producing 
organs. In Tomopteris there is on each parapodium, above and 
below, a brightly-coloured spherical organ, which for a long time 
was regarded as an eye, but from its structure appeal's to be 
a "photogen” (Fig. 1C 7, p. 315). The same is very likely the 
true explanation of the segmental "eyes” of Polyophtlmlmus , for 
their structure recalls that of the light-organs of deep-sea fishes. 

As many of the phosphorescent Polynoids are commensals, 
while (Jh<u'lupteru8 inhabits tubes, and close allies of other 
phosphorescent worms have no power of emitting light, it is 
impossible to apply, the same explanation of its purpose to 
all cases alike ; in some it may be “ accidental,” though in others 
it may be of definite use in wurning enemies or in attracting 
prey. 

The Food of Worms. — The* Nereidiformia are mostly carni- 
vorous, and feed on small Crustacea, Mollusca, sponges, and 
other animuls ; and Polynoids are even said to eat one another. 
Many worms do not disdain various seaweeds, whilst the Spioni- 
formia and Scolcciformia, which burrow in mud and sand, and are 
without biting organs, swallow the mud and digest whut animal 
or vegetable debris it may contain. The Terebellids and Grypto- 
cephala depend on minute organisms which may be driven into 
the mouth by the action of the cilia of the gills or tentacles. 

Iu the case of deep-sea forms, it is an interesting fact that 
the intestines are not unfrequently crammed with ltadiolaria ' 
and Foraniiniferu iu a fairly fresh, uninjured condition, indicating 
that these llhizopods do not merely sink to the bottom, but must 
actually live there. 1 

The economic purposes to which Polychaetes are put are 
few ; they are used either as bait for fishes or as food for man. 

1 M'lutoali, H.M.S. “Challenger" Reports, “Polychaeta," vol. zii. p. ix. 
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One of the commonest luiits used for certain fish, as all who 
have done any sea-fishing off the piers of our coasts know, is the 
common lug- worm (Arcuirnla marina), whilst Nephthgs caeca and 
Nereis fueata are also used in some places: anil for whitiug 
Nereis en/trifrra and N. diccrsirolur. Mnrphysa san guinea , 
known to the fishermen in some parts as “vanne,” is less fre- 
quently used. 

* A peculiar worm — Pafolu riridis — is used as food by the 
natives of Samoa and Fiji. The worm is similar to our Eunicid 
Lysidicc ninetta , anil lives in fissures among corals on the reefs, 
at a depth of about two fathoms. At certain days in Octol>er 
and Novemlier they leave the reefs and swim to the shores of 
the above islands, probably to spawn : and this occurs on two 
days in each of the above months — the day on which the moon 
is iu her last quarter, and the day Indore. The natives, who call 
the worm “ MUilolo,” give the name “Mlnilolo lailai ” (little) to 
October, and “ Mlmlolo levu ” (large) to No vender, thereby in- 
dicating the relative abundance of the worms in these two 
months. The natives eat them either alive, or baked, tied up in 
leaves; and they are esteemed so great a delicacy that presents 
of them are sent by the chiefs who live 011 shore to those living 
inland. A dark green-blue Phyllodocid, which is called 11 A'oun,” 
occurs in abundance off Mota Island, amongst the New Hebrides, 
has similar habits, and is also eaten . 1 

Associated Worms. — A considerable number of worms live in 
association with other animals, either as commensals or as para- 
sites, and it is not in every case possible to decide iu what relation 
the two animals stand. LahruMstratus parasiticus , a Eunicid, is 
parasitic "in the body-cavity of OdontosyUis ctenostomatus (Fig... 
158 ); such an association lietween two members of the same 
group of animals is p<*:uliur ; but still more exceptional is the 
occurrence of Haematoeleptes terebelHd.es , as a parasite in Marphysa 
sanguinea, for both parasite and host are memliers of the same 
family, the Eunicidae. Another Eunicid, Oligognathus bonelliae , 
occurs in the body-cavity of the flephyrean Bonellia. 

The Polynoid Adi, aloe astcricola and the Hesionid Ophio - 
dromus flexuasus occur as ectoparasites (or perhaps commensals) 
in the ambulacral grooves of the starfish Astropecten aurantiacus. 
A11 Amphinomid is stated to live in the branchial chamber of 

1 For an account of theae wonua ace M ‘Intoah, loc. oil . p. 257. 
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the barnacle, Lepas anafifcra. Alciopina para situ 1 a. lives, during 
the early stages of its life-history, within Oydippe, and it is possible 
tlmt most of tho Alciopids thus make use 
of Ctenophores as their nurseries. 

A considerable number of the Polynoids 
are ectoparasitic : P. castanea lodges in the 
peri-oral region of Epatanyus purpurevs , and 
in the umbulucral grooves of Astropecten ; I* 
( Ifa/osydna) bivirdi lives between the mantle 
and foot of the mollusc Pissurella eratitia ; P. 
pentacf.es is found on the body of the Ilolo- 
thuriun CucumarUt pentacies, and appears to 
be protectively coloured. P. ( Antinoe ) para- 
sitica lives under the elytra of another 
Polynoid, and P. acanellae 011 the coral 
Aca ell a normani . 1 

As commensals there may lie mentioned 

Nereis fmita , which lives in the upper coil 

of whelk-shells which are inhabited by a 

hermit crab. The same shell usually bears 

Fl<i c/!j a psi^ticulitr sea-anemone, so that there are 

(A) lAhnmtatnihi * thn»e animals living together in or upon the 

^.ly^wivity. 1,1 The vast-olf house of a fourth. Eiphmostoma is 

parapodia awl cirri found in the “ nests ” made by the mollusc 
are omitted from the ... , _ , . . , 

greater part of the Pima. A Eunice is eoustuntly associated 

Joseph ) St * ^ le coral Loph oh cliu, prolifer a, amongst 

the branches of which the worm twines its 
tube; whilst another Polyelmete* inhabits a tube formed by the 
interweaving of the fine branches of the coral Antipafhes JULv* 
found in the West Indian setts. A species of Polydora forms its 
tube in HeUopora . The Polynoids present many instances of com- 
mensalism, a lew of which may be here mentioned. P. johnstoni 
Murenz. is only found in the tubes of TereheJlu nebvlosa ; other 
species occur in the titles of other Terebellids. P. marphysae 
lives in tulws of the Eunicid Maiphysa. sanyvinca . Two species 
live in the tub's of Chaetoptervs . P. extenuata has been found 
in tubes of Serjmla vermienlaris , while P. arcnieolae occurs on 

1 For a list of parasitic Polyehactea see St. Joseph, Ann . 8 c i. Eat, (ser. 7) v. 1888, 
p. 141. 

s Semper, loc. cit . p. 340. 
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the body of the common lug-worm, with the colouring of which 
it closely harmonises. 

Worms as Hosts. — The Polychacta serve not only as food 
for fishes, Crusta-cca, and other predatory animals of larger 
size,, but are also liable to be the hosts of parasites 1 such as 
Urcgarines, and even, as we have seen, of other members of 
their own group. Sundry ectoparasitie Cojiepoda have been 
'found attached to worms In 1 tween the pi mi podia or to the sides 
of the feet, and an unnamed (.-opepnd occurs attached, sometimes 
in considerable numbers, to the* sides of Nereis ad tr if era. The. 
Polychaeta also act as protectors to other animals, for on the 
under surface of elytra of sundry Pnlynoids may very frequently 
lie found s|HX. ( imens of Loxomma, which may also Ik*, attached to 
gills of Kunicids; whilst below those of Aphrodite, echidna and 
Jfennadhn 'pellucid urn, Pediee/lina helyir.a occurs. Under the 
felt of A. aeulcata the Kabellid Branchiomma ritjilu ns forms its 
tube, and Vorticellids may be found on chaetae, gills, or other 
parts of the body of sundry worms. 

Distribution. — Very little can be. said in a brief way of the 
ijeoyru phical distribution of these, worms, for many of the genera 
are cosmopolitan, although only a few sjiccics occur in all the 
great oceans, e.g, Poly nor imhrinUa , JfynH noecia fuhieo/a , Nerine. 
(Scolendcpis) cirrata , ami TerrhcUid.es strife mi. 

As for species, it can be said generally that the different 
oceanic areas and even different coasts present different species, 
but we know practically nothing of variation amongst Polychacta, 
and many so called sikhmcs may lie mere local varieties, for 
frequently the descriptions of “new species” are scarcely intel- 
ligible. At any rate we know that certain species occur at 
widely separated localities, for two or thine species of Pnlynoids 
occur in Japan, and again at Dinard on the French coast. A 
considerable number of species are common to both sides of the 
North Atlantic ocean, having 1 h*cii obtained off Norway and 
in the Gulf of the St. Liwrence. A few of these which are 
common on our coasts may be enumerated: — Nereis pelagica , 
Nicomache lumlmealis , Glycera cajntata , Thelejnts ciimnnatus, 
Seoloplos armiyer, Sahel la pavonia , Ophelia limacina, Aphrodite 
aculeata, Trophonia plumosa , Polynoe squamata , CapiteJlu cajn- 
tata, Sthenelais limicola . 

1 See “Challenger Report*,” and St. Joseph, loc. eit . 
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As for bathy metrical distribution, 1 many genera occur at all . 
deptlis, though l’olychaetes appear to be most abundant, as far as 
we know at present, in " shallow water ”- — that is, down to twenty 
fathoms or so : but this may be due to the greater facility of 
collection on shore and in these slight depths, for the “ Challenger ” 
obtained considerable numbers of new species at greater deptlis. 

The “ deep-sea ” 'forms are chiefly tubicolous, and since these 
tubes are fixed and purtially embedded in the bottom, prolmbly 
comparatively few are brought up. Some genera occur at very' 
great depths; thus the Terebellid Zeaena abyaaontm and tlu 1 . 
Serpulid Pfacoateyua bcnthaliaivua wen? brought up from SI 25 
fathoms — the greatest depth fronj wliich Polycliaetcs were ^ 
obtained by ILM.S. “ Challenger ” ; and it is interesting to flute 
that species of each of these two genera occur in shallow water, 
the Serpulid being represented in our own coast fauna by P. 
tricuapidata . 

Amongst our own fauna, a few examples may be given of the 
" replacement of species.” 2 The littoral Sthcndaia boa is repre- 
sented by S. limicola in deeper water ; Sabellaria alveola fa by 
& aptnulom ; Polyline imbrittaia by several deep-water species. 
Similarly with genera: the littoral Ponmtoceros is replaced by 
tierpula in deeper water; and the Hesionid Pmmathe by Casta It a. 

The limitation of species to certain regions, or to certain 
depths of an ocean, may appear at first sight peculiar, in view 
of the unrestricted communication between all its parts: but 
there are us efficient “ barriers ” there as on land, for generally 
a particular worm can live only in a certain temperature ami at 
a certain pressure, and is dependent for its food on particular 
organisms, winch in their turn depend on the depth and its 
accompaniments. It is, in fact, so much the more peculiar that 
certain species are more or less cosmopolitan, or occur at widely 
distuut points. It is less peculiar, of course, to find different 
species of the same genus at different depths or in different amis, 
for any slight variation in a species advantageous to new con- 
ditions would readily be fixed, and give rise to a new T species. 

The distribution of the Polychaeta depends proliably on the 
pelagic larvae, which are earned by currents from one ]iart of an 
ocean to another. There can be little doubt that many Poly- 

1 "Challenger” Report*, loc. cit . p. xxx. 

9 See Horuell, Fauna of Liverpool Bay, Report III. 1892, p. 126. 
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diaelen aiv very “ plastic," ancl can adapt themselves to changed 
conditions of life with considerable ease ; for Nereis divevsieolor, 
Arenicola marina , and others live equally well in water of very 
different densities, and with a different food supply. The great 
f variety in the “ habitats/' and presumably therefore in their food 
supply, etc., exhibited by many Polychaetes, as well as the great 
variation observable in some species 
of Polynoina, und the close affinity I 
of the species and genera of this 
sub-family, lead us to the same con- 
clusion. 

Extinct Polychaetes.— /The most 
numerous fossil records of the Polv- 
clmetes a 1*1.1 calcareous tubes of vari- 
ous shapes und sizes ; they are 
irregularly or spimlly curved, and are 
very usually attached at one end, or 

bv one. surface, to stones or to fossils. 

* 

Those tidies belong^ to the Serpu- 
lidae, and are referred to the genera 
Serpitfa, {fyjirurbis, Ditrtqnt, and 
others . 1 

Spimrhis is the oldest unequiv- 
ocal representative of the Poly- 
chactes, as its tubes an; found more 
or less abundantly in the Silurian 
and other Palaeozoic strata. In 
Palaeozoic times Serpnla was rare, as 
it was too in the Trias ami Lius, but 
in the J urassic strata it Incomes abun- 
dant. Iu the chalk, ft. audit fis may 
occur in masses like ft. inwinata of 
the present day, forming “ Serpulito 

chalk.” In the older tertiaries the ft* 159.— Eunicit* avitu* Ehl. A 
A - a • t fossil worm from the lithographic 

genus is represented by hpinuaea. aiate of soienhofen : the jaws are 

ft, rWta lariltoid" oco«i. in 
Lias as a cylindrical, more or less * Natural size, 
curved tube of sand-grains. 

Amongst t-lie Nereidiformia the remains are fewer, but the 
1 Zittel, Haudbuch d. Ptolaeowtqlogi* (Palaanoologb), i. 1876-80, p. 562. 


302 


POLYCHAETA 


CHAP. XI 


acicula and the hard jaws are preserved in certain rocks, and 
can be refeiTed to existing families. Runic ites nvitus 1 is repre- 
sented by a double series of uciculu, indicating the parapodia of 
the two sides ; and by remains of both upper and lower jaws (Fig. 
159). Four different species of the worm have been dcscrilxsd 
from the lithographic slate of Bavaria, of Jurassic age ; and 
several upper jaws of other Eunicids have been discovered in 
the Palaeozoic beds of Canada and Scotland, and have received 
the names Lu m brico ner cites, (hnonites , and Arabdlites , in reference 
to their nearest allies amongst living genera. 

There are, however, numerous remains, in the forms of tracks 
or casts, in the earlier rocks, which have been referred to the 
rolyehaeta. The names Crossopodia , Mynanitcs, Ncrciten , Phyllo- 
docitcs, have been given to some of these traces, though they are 
open to numerous other interpretations. Some of the “ tracks ” 
are similar to those made by living Crustacea in walking 
over wet sand ; others appear to be the casts of some animals. 
Tubular burrows in rocks or fossils, some straight, others 
U -shaped, have received such names as Amriculitcs , Rc.olilhus, 
Hidwdmnn ; whilst under the name Lnmhricuria certain cylin- 
drical, coiled structures, resembling worm “castings,” are met 
with in this same lithographic stone of "Solon liofeii. Many of the 
tubes referred to Polyehaetes by the earlier pilacoutolngists have 
been transferred to other groups ; thus Cornuli.tex is now believed 
to be a Pteropod shell. 

This very meagre geological record is quite insufficient to 
form any basis for a phylogeny of the group. And this 
poor supply of remains is not surprising, when we consider the 
soft nature of the tissues, the absence, in the majority of families, 
of skeleton and of other parts which could have been fossilised ; 
yet we might have expected a greater abundance of fossilised 
jaws than is' represented at present. But it must lie borne’ in 
mind that the conditions of life of these soft-bodied animals are 
not conducive to their leaving abundant fossilised remains. 

1 Killers, Zcitachr. /. wins, Zool. xv iii. 1868, p. 241. 



CHAPTER XII 

CHARACTERS OF THE SUB-ORDERS OK POLYCHAETES CHARACTERS 

OF THE FAMILIES DESCRIPTION OK BRITISH OENERA AND 

SPECIES THE MYZOSTOMARIA. 

Systematic. — The Order Folychaeta may he dividend into two 
branches, in one of which, the Phankuockphala, the prostomium 
retains its ancestral condition as a lobe overhanging the month, 
and frequently carries, in addition to paired eyes, certain sensory 
processes of a simple structure, the tentacles and palps ; the body- 
segments are more or less alike, and (except in some ttpioni- 
formia, some of the Terebelliformia, and the Capitelliformia) do 
not present two sharply marked regions, owing to the differential 
arrangement or character of the chaetao. In the second brunch, 
the. ( -RYPTOCEPHALA, the |x*ristomium grows forwards during 
development, so as to compress or even hide the prnstmniuin, 
which thus becomes a very insignificant organ. The tentacles 
are reduced, hut the palps laconic greatly develop'd and take 
on sundry new functions. The body in this group, by the. 
character and arrangement of the chaetae, is distinguishable into 
a thorax and abdomen, presenting certain internal differences. 

These two branches may I>e supposed to have arisen from a 
common ancestor having a general resemblance to a nereidiform 
worm, such as Sylli*, possessing palps and tentacles on the pro- 
stomium, definite parapodia and cirri on the body, and internully, 
a well-marked and regular repetition of organs. 

The branch Piianerocepiiala contains the following five Sub- 
Orders, though it is possible that the Capitellifonnia deserves a 
more important position in the system : — 

Sub-Order 1 . — The Nereidiformia have well -developed ten- 
tacles and palps ; the peristomiuin almost invariably possesses 




special cirri; the parapodia are well-marked locomotor organs, 
supported h y acicula, and carry dorsal and ventral cirri. The 
chaetae are usually jointed, though unjointed ones may coexist 
with these ; unciui are never present. An eversible buccal region 
leads into a muscular pharynx, which in the majority is armed 
with chitinous jaws ; the septa and nephridiu are regularly 
repeated throughout the body. The worms lead a predaceous life, 
and are mostly carnivorous ; a few form tuljes. 

Sub-Okdkk 2. — The Spionifirnnia possess neither tentacles 
nor palps; the peristomium usually carries a pair of long 
tentacular cirri, and extends forwards at the sides of the pro- 
stomium. The parapodia project only to a slight degree; the 
dorsal cirri may attain a considerable size, and sict as gills 
throughout the greater part of the body. The chaetae are 
unjointed ; unciui are only present in the aberrant Chaetoptervs. 1 
The body may present two regions more or less distinctly marked 
externally, but without corresponding internal differences. The 
buccal region may be eversible, but there are no jaws. Septa 
and nephridiu are regularly developed. The worms are burrowers, 
or tubicolous. 

Suh-Okdkk 3. 7V rebel liformia, — The prostomium is a more or 
less prominent lobe (upper lip) with or without tentacles but 
without palps. The peristomium may carry cirri or “ tentacular 
filuinents.” 2 The parapodia are feebly developed ; there are no 
ventral cirri ; the dorsal cirri may exist and function as gills 
on more or fewer of the anterior segments. The chaetae are 
unjointed, and uucini are usually present. The buccal region 
is not eversible; there are no jaws. The septa are usually 
incomplete, with- the exception of one strongly-developed “dia- 
phragm ” anteriorly ; the nephridia are dimorphic, those of the. 
anterior (prediaphragmntic) segments are of large size and are 
excretory ; the posterior series are mere funuels, and act os 
genital ducts. These worms are burrowers or tube-formers, and in 
the majority the tube-forming glands are grouped on the ventral 
surface of the anterior segments to form “ gland-sliields. v ' 

1 The Chaetopteridae may have to he placed elsewhere in the system, as they are 
peculiarly modified, and present features recalling the Cryptocophala, from which 
it is possible they have descended. 

8 Meyer (Aft. ZooJ. Stat . Neapcl, vii. 1887, p. 669, note) suggests that the 
tentacular filaments of Cirratulids are really prostomial, but have shifted back on 
to the peristominm, or even farther. 




*n ./;■ ,* ■■ -sub-orders.- ' .30.5 

- ; * ■ i ' • ' ■ Jll ' ' " ■ 

Sub-Order 4 . — The Cajritellif urmia have no prostomiul pro- 
cesses but possess a pair of large retractile “ ciliated organs.” The 
parapodia do not project; the chaetao are unjoin ted, and are 
hair-like in the anterior segments and hooded “ crotchets ” 
posteriorly; this external division of the body docs not corre- 
spond with definite internal differences. There are no cirri, though 
special “ gills,” often retractile, are frequently present. The buccal 
region is eversible ; there is no armed pharynx. An “ accessory 
gut ” or “ siphon ” exists. The nephridia are small, and sometimes 
more than one pair in a segment ; special genital funnels exist 
in more or fewer of the anterior segments of tlje hind body. 
There is no system of blood-vessels ; the eoclomic corpuscles are 
red.. The worms are borrowers. 

Sub -Order 5. — The. Srofeeifomvia possess a pmstomium, 
which rarely (Ch lorhaemidiie) carries any sensory processes ; the 
peristomiiim is without cirri (except, perhaps, in the (•hlorlme- 
midiie). The parapodia are ill developed, and maybe absent; 
only rarely are dorsal cirri present, acting as gills; ventral cirri 
arc absent. The chaetae are unjoin ted ; true uiicini are not. 
present. The buccal region is eversible, hut there is no armed 
pharynx. The septa are not regularly developed, as more or 
fewer are absent, and the nephridia are considerably reduced in 
number, it may be to a single pair (Stcruuapidae and some 
Chlorhaemidae), but they are all alike. 1 The worms are mostly 
burrowers. 

The branch Cryptocehiala contains two sub-Orders: — 

Sub-Order 1 . fiabclliformia . — The prostomium is entirely 
hidden by the for waul extension of the peristomiiim ; the ten- 
tacles are very small, being frequently represented merely by 
small knobs of sense-cells ; the palps, on the other hand, are 
greatly developed, branched, and contain blood-vessels, acting as 
respiratory as well as sensor}” organs. The peristomiiim never 
carries cirri or chaetae, and it is usually mist'd up into a pro- 
jecting collur, used in fashioning the lip of the animal's tulie. 
The parapodia are hut feebly developed ; cirri are absent, except 
in the Serpulidoe, where the dorsal and ventral cirri Income united 
to form the “ thoracic membrane ” (Meyer). The chaetae are 
of two kinds — unjointed, hair-like, fringed bristles and “ uucini.” 

1 It is probable that the genital ducts of SUrmapia and Clilorbaemide are modified 
nephridia. 
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By their unn ngemon t the body is divided into a thorax of nine 
segments and an abdomen ; in tin; former the capillary chaetae 
are dorsal, and in the latter ventral. The. buccal region is not 
eversible ; there is no pharynx. The septa are regularly developed 
in the abdomen, but are absent in the thorax ; the nephridia are 
dimorphic; there are two large ones in the thorax opening by a 
median dorsal pore just above the brain ; those of the abdomen 
are small funnels, and act as genital ducts. The worms are 
tubicolmis; “ gland-shields ” are present on the thoracic segments. 

Hujj-Oudek 2. JlvnitcJIifontiia . — The peristomium (Fig. 135) is 
enormously developed, and forms a bilobed hood capable of closing 
over the mouth ; the truncated free end of each lobe carries three 
semicircles of piK/uliar chaetae, which act as an efficient protec- 
tion when the worm is withdrawn into its tube. The prostomium 
is very small, but retains a pair of well -developed tentacles; the 
palps, which are subdivided as in the Sahcllifnrmia, have become 
fused with the ventral edges of the peristomium, and appear as a 
st Ties of ridges cm each side, carrying numerous filaments. Tins 
thorax consists of five segments, the notopodia of three of which 
are well developed and bear strong chaetae; dorsal cirri are 
present along the greater part of the body, and act as gills. The 
arrangement of the chaetae and of the internal organs is as in the 
Sabelliformia. The worms form tubes of sand. 


BRANCH A. P H ANEKOCEP JIALA. 

Sub-Order 1. Nereidiformia. 1 

Fam. 1. fyllidar . — These are small worms, the majority being 
less than an incli long, so that they are not easily oliservcd. 

1 The character of head and ]tunipodiuni in each family will ho gathered from the 
figures accompanying the general description in Chap. X., so that detailed descrip- 
tion is unnecessary. In all cases the chaetae form valuable s[>ccilic characters. 

The examples of the various families arc British, unless the op]>ositc is expressly 
stated ; but most of them lire not confined to our shores, ami the foreign locali- 
ties arc usually given. No attempt is made to cnuiiievato all the British Howies. 

The following books may be found useful for identifying the wonns : — 

Cliqiarede, Jb'cherehM anal . sur hs Annttidcx observes dan a lea Hebrides , 1861 ; 

A nnilidca GhtLopvdcs dn flotfc dc * Vaplea, 1868, and Supply 1870. 

Cunningham and Rainage, “ Polyehaeta Sodentaria of the Firth of Forth,” Truna, 
*lluy. Soc. £klinburjh t xxxiii. 1888, p. 635. 



NEREIDIFORMIA 


3°7 


The body consists of a fair nuniber of segments. 1 In many 
genera a dorsal bundle of unjointed, natatory cliaetae makes its 
appearance at maturity. Tlie palps, which are grooved, are in 
some cases so united with one another and with the prostomium as 
to be scarcely recognisable. (For head see p. 262, and for feet 
see p. 264.) The pharynx is armed witli one or more teeth. 
There is a special gizzard, following the pharynx, and provided 
with thick, muscular walls of peculiar structure. Following the 
gizzard, the oesophagus receives in many genera a pair of 
T-shaped diverticula, that are used for storing water, which is 
swallowed with food. These diverticula are absent in Aufoft/lns 
and other free - swimming forma The reproduction of the 
members of this family is interesting, and has already been 
described (p. 278). 



Fiu. 160. — Si/ll is armillarix Miill. * 2. (From Johnston.) Tim head is towards 

tin* right. 


tfi/llift . — The tentacles and cirri are moniliforni ; the palps 
large ; there is a single dorsal tooth, which is provided witli a 
poison gland, the duct of which opens near its apex ; it is used 
rather for stabbing its prey than for grasping and tearing. X 
krohnii Killers, is abundant under stones, and forms tubes of 
sand; it is nearly an inch long, and consists of some eighty- 
five to ninety-five segments marked with yellow bands. It 
may readily be identified by longer dorsal cirri, terminally 
dilated, alternating with shorter ones. X cornuta Itatlike, has a 
translucent green body, about half an inch long ; no alternation 


Elilers, 'Die Bor »tcnv' tinner 1868. 

Johnston, “ British Museum Catalogue of Non- Parasitical Worms,” 186f». ■ 
M'Intosh, “British Annelida, ” Tran 8. Zool. Hoc. ix. 1877, jx, 371 ; “Invert. Marine 
Fauna of St. Andrews; Annelida,” Ann. Mag. Sat. liist. (4) xiv. 187-1, ]». 144. 
Malmgrcn, “ Nordiska Hufs-Aiinulutcr,” 0/vcraigt af K. Vct.-Akad. Forhandt inyur, 
1865, pp. 51, 181, 355 ; and “ Annulata Polychaeta,” ibid. 1867, p. 127. 

St Joseph, “Les Aniidlides Polychetes des cOtes de Dinard,” Ann. #sW. A lit. (Zool. ) 
(7) vol. i. 1886, p. 127 ; v. 1888, p. 141 ; xvii. 1894, p. 1 ; xx. 1895, p. 185. 

1 Malaqiiin, Recherchcs aur lea Syllidicna , 1893 ; for structure of the gizzard, see 
also Haswdl, Quart. J. Micr . Set. xxvi. 1886, p. v 471 ; and xxx. 1889, p. 31. 
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of cirri. Mediterranean, Atlantic, on the Norwegian coast, off 
Spitsbergen, and on the Madeira coast. S. armil laris Miill. is 
very common at low water ; it is pale yellowish-brown, witli a 
couple of dusky marks on each segment ; and measuifes 2 inches. 
The derail cirri are quite short, consisting of only eight to ten 
joints. In Pionosyllii i the tentacles and cirri are not inonili- 
forin ; a single dorsal tooth. 1\ mtdmyreni M‘T. under stones. 
8 phaerosyllis. — The dorsal cirri are swollen at the base, and 
are not moniliform the long palps are fused along nearly their 
whole extent. S. hystrix Clap, is only about one-eighth of an 
inch in length. Exogone Oerst. Grnhea Qfg. 

Autohjtus . — The small palps are entirely fused with the 
prostomium; the pharynx, which is bent upon itself, is armed 
with a circle of denticles. Dorsal cirri somewhat foliaceous. 
There arc no ventral cirri. The male, and female differ from one 
another and from the asexual “ stock ” (see p. 279). A. pic tvs 
Ehl. is abundant under stones. It measures about two-thirds of 
an inch iii length, is darkly coloured with a median lighter band ; 
the anterior dorsal cirri are long. A. prolifer Miill. is common. 

Ifyrianida fasciata Milne Edwards, with its foliaceous cirri, 
occurs off our coasts (see Fig. 149, p. 280). Atlantic, Mediter- 
ranean. 

Fam. 2. Hanonidae. — The body, is relatively short, with only 
a few segments (sixteen to fifty, according to the genus) ; in the 
larger forms it is cylindrical. The pnrupodium is usually uni- 
ramous ; the dorsal cirri are long and multiarticulate ; ttie chaetae 
Sre jointed. The prostomium carries, in addition to four eyes r 
two or three tentacles, and generally a pair of jointed palps. 
The peristomium and two or more of the following segments 
are achaetous, and carry long “ peristomiul ” cirri. The pharynx 
is very long hut unarmed. 

Psamathe Johnston, lias many segments; head with two ten- 
tacles and a pair of three-jointed pulps. P.fusca Jnstn. occurs 
amongst coralline Algae, to which it bears some resemblance, 
which is heightened by the moniliform cirri , It is a small worip, 
less than an inch in length. Mediterranean. Castalia punctata ■ 
Miill. is dirty green or brownish, with a narrow purplish band On 
each side. It occurs in deeper water than the preceding. In ' 
Ophiodromus the head lias three tentacles; the palps are two- 1 ■ 
jointed ; there are six pain* of peristomial cirri ; the parapodia ... 
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are birumous. 0. v it tat us Sara is dredged in numbers off the 
Scotch coast, and is found also at low tides. It measures 2 
inches in length. A closely allied species lives in the ambulacral 
grooves of the starfish Astrojtectni. 

Fam. 3. Aphroditidae } — The most characteristic feature of 
this family, and one by which its members are absolutely distin- 
guished from all other Chaetopods, is the possession of. scales or 
" elytra ” on the back. These flattened dorsal cirri are of a some- 
what horny texture, and are carried, generally, on alternate 
segments of the body; filamentous cirri occurring on the other 
segments. In the sub-families Ilcruvionina und Polynoina the 
, elytriferous segments are 2, 4, 5, 7, 9, etc., up 
to 23 ; then every third segment. The 
worms arc usually short, with some thirty- 
five to forty-five segments, though S/he u fit (is 
and a few others have many more. (For head 
see p. 262, and for parupodium see pp. 265, 

268.) The pharynx is very thick walled, and 
furnished with two pairs of jaws, which ure, 
however, not hardened in the sub-family 
Hqrmionina . The intestine is provided with 
a number of paired longer or shorter caeca 
(Fig. 142). A considerable number of this 
family are commensal or parasitic (see p. 

297). The family is well represented on 
our own coasts, so that only a few of the 
more readily distinguishable species can Ins 
here described. 

Sub- Fam. 1. Polynoina.— lb odv flattened, 
with nearly parallel sides, usually short, 
more rarely worm-like ; three tentacles ; peristomium with long 
dorsal and ventral cirri ; the ventral cirri of the next segment 
are also elongated. Jaws , are present. Elytra, usually twelve 
to eighteen pairs, the surface of which is more or less papillose, 

• and may be " fringed ” along the outer border, with long processes. 
The colouring of the elytra is characteristic in most cases, though 
liable to considerable variation in some species. The^ cliaetae 
are generally strong, and of bright golden colour : they ure all 
unjoin ted. The Poly not 7u 1 are generally but feeble swimmers, 

‘ - 1 gee M‘Intash f B Mexnqfrs, loc. tft. 



Fici. 161 .— Pnlynod aqua- 
■t nnta L. Nat. size. c t 
Notopodial cirrus ; e t 
, elytron i/’purupodium ; 
p, pal] 1 ; t. tentacle. 
(From Jolmstou.) 
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and arc mostly found under stones at low tide. Some species 
have a very wide geographical range. 

PnlymHi } — The body is short; none or only a few segments 
at the end of the body are uncovered by the elytra, except in 
the long body of P. johnstoni. 

A . With twelve pairs of elytra . — In 1\ sq uama to Linn, the 

elytra entirely cover the 
body and conceal the 
head, each elytron over- 
lapping the next poste- 
rior one, and those of the 
two sides overlapping. 
General colour sandy- 
brown, speckled, lighter 
or darker. The fringed 

elytra are very firmly 

Flo. 1<52.- Klytro. A, oi sqMmala L.; B, of fixwl u , t | le b 0 <ly. Till* 

rhtro Mont., x 10. re, Ami ot attarhnuMit ; _ J 

c, cxtinml nmrgiu ; /, l’ringi* (the h'.ttiT is at tliu lintopodiul ('ll act <10 

/, internal margin. m , Ay from 

below the elytra. The 
worm is common between tide-marks and in the. coralline region, 
is about ono to one and a half inches in length, and about one- 
third of an inch in width. Atlantic. P. vhira Montagu, may 
attain a larger size, though it is generally smaller. The elytra 
are dark, usually grey, mottled with white or light grey, un- 
fringed, and do not overlap to so great an extent us in P. squa- 
mata, so that the middle of the back and the hinder part of the 
body is more or less exposed. This is never the case in the pre- 
ceding species, but even here it is subject to variation in extent, 
depending on the amount of food contained by the worm or on 
the ripeness of the genital products. It occurs in the Mediter- 
ranean. 1 2 


JJ. With fifteen pain t of elytra. — P. imbricata L is probably 
the commonest species of the genus, occurring nearly every- 
where under stones at low tide. It is about an inch in length ; 
the elytra are deciduous, and are very variously coloured and 
marked; sometimes uniformly grey or even black, sometimes 


1 Herein are included the various genera formed by Kinberg, Malnigreu, and 
others. 

2 It appears to be the same as F. grubiana Clap. 
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mottled with hrown: in other specimens each elytron lias its 
outer lmlf pale or white, while its inner half is darker, usually 
some tint of brown or olive green, so that the worm appears 
to have a dark band along the middle of its hack. Other 
patterns occur. The body is entirely covered by tin 1 , elytra. The 
chuetue project considerably, and are nearly as long as half the 
width of the body; those of the notopodium are brown and are 
directed upwards, 1 icing nearly as long as the 
golden neuropodiai chaetue. This species lias a /: ,Jn 
very wide range, <»ccuiTing on both sides of the. 

Atlantic, even on the si lores of Nova Xemhla, * 

and reappearing again at Jii|niii. 1\ semi- c 

seulptus Ijcacli is rather larger than tin* ton 1 - 

going. The elytra are very readily detached: F i«;. ms^Kiytron of 

they are light in colour, without a fringe, hut Pol •/»•»' imhri- 

witli large papillae near the margin. The. to 

notopodial chaetue are thicker than those, of the. body ; #■, outer 

ueiiropodium. Several other species are also boriW.’ 

common, hut 1\ jolt tixfoni v. Maivnz. 1 di Hers* from 

tin 1 , rest in having an elongated body of some seventy segments, 

so that the posterior half is uncovered by the elytra, which are. 

small, greenish-grey, speckled, and have no fringe. It is common 

and widely distributed, but appears to be only found in the tubes 

of Tc rebel la- nchulom. 

C. With eighteen jiairs. of elytra, — J\ yrlafiuosa Sars, may 
attain a length of 2 inches. The elytra are very faintly coloured, 
transparent and soft, attached by rather long peduncles. In 
spirit they become swollen and folded, giving the worm a very 
untidy appearance. The prostomiuin is partly overlapped by 
a peculiar collar-like fold of the peristomium. 

1). With numerous pairs of elytra.— Lepidasth r n ia. has a very 
long body, consisting of more than eighty segments. The elytra 
are quite small, and occur throughout the body on tin*, usual 
segments. There are. no notopodial cliaetae. L, cleyavs Gr. is 
a very elegantly marked worm, which, however, hus not been 
recorded from the British area ; it occurs in the Mediterranean 
(see Fig. 156, p. 293). 

Sub-Fani. 2. Hcrmionina. — The body is short, oval and de- 

1 Marenzeller has shown that Johnston's P. scolopendrina is not identical with 
that of Savigny, and suggests tlie above name for it 
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pressed ; the particularly strong notopodial chaetae fire directed 
upwards and backwards so as to protect the elytra. The neuro- 
pudial chactae are also strong. The .prostomium carries a single 
tentacle and two long palps ; the prostoniial ridge may be well 
developed. The ]>eristomium is chaetigerous, with long cirri 
The jaws are represented merely by thickened prominences. 

Aphrodite..- -The fifteen pairs of elytra, arranged as in Polynot , 
are concealed by a “ felting ” of hair-like chitinous threads arising 
from the notopodium (Fig. 130, p. 2G8). A. rmdeata L. — The 

" sea-mouse ” is one of the most 
beautiful of the Folychaetes. 
The small tentacle is very 
readily detached ; the palps are 
very long ; the parapodiu of the 
peristomium are directed for- 
wards so as to form lateral lips ; 
and its cirri are not especially 
modified (see Fig. 132, p. 260). 
The body, which measures 3 to 
6 inches, consists of thirty-five 
to forty segments, and is broad- 
est in the middle, the last 
dozen segments being very 
small ; the body terminates in 
a point. Some of the noto- 
podial chaetae are brilliantly 
iridescent, and give the worm 
its characteristic coloration. It 
is fairly common in the coral- 
line regions, and is frequently 
thrown ashore after storms. 
Atlantic and Mediterranean. 

Fiu. 1C 4. — Aphmtitc av.ulcaki L. (from lttflne lu JfermioiW the “felt” is 

Animal). Nat. nIm. r, Neuroportinl . . , , 

chaotau ; ;j, juilps ; i, iridescent bristles ; absent, so that the elytra are 
% stiff cliuetue ; 3, felting bristles of noto- exposed. H. hyotrix Sav. OCCUrS 
jioduuii. - i u ten to thirty fathoms of 

water all over the British area and Mediterranean. It resembles 
in its general appearance a fat Polynoid, with strong chaetae. 
Lactnwnica filicorni it Kinb. also occurs on our north-west coasts, 
and L. protlucta Gr. has been dredged in 500 fathoms off the 1 
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west coast of Ireland ; it 1ms Ikmui recorded also from Kerguelen 
and from Japan, sp that it has a very wide distribution. 1 

Sub-Fam. 3. 'Acoetina . 2 — The long, vermiform body has some 
tliirty-nine to ninety-three pairs of elytra, placed on every 
alternate segment throughout. It is represented in the British 
area by Panthalis from 75 fins., which forms a tul>e of black mud. 

Sub-Fam. 4. Sigalioninn . — This sub-family includes forms 
with a long, vermiform body ; anteriorly the elytra are on 
alternate segments, up to the twenty-sixth, and posteriorly 011 
every succeeding segment ; “ gills ” here coexist with elytra ; cirri 
are absent. The prostomium in Rthrnchm Kinb. has a median 
tentacle, which is absent in Wgalion . Aud. and Kdw. Sth. boa 
Jnstn. is common off our coasts near low-water mark, where it 
burrows in the loose sand with rapidity. It is 1111 elegant worm, 
and may attain a length of 8 inches, though it is generally 
smaller ; it is narrow, flat, and only slightly tapering at each end ; 
the elytra, which may be more than a hundred pairs, are greyish 
or slightly brownish, some being lighten* than others; the margin 
is fringed with simple processes (which in Siyalion are pinnate). 
Atlantic and Mediterranean. In Pxummolyce the elytra are 
covered with sand grains. British and Mediterranean. 

Fam. 4. Phyllodocidae . — The members of this family make use 
of the foliaceous cirri (Fig. 13G, K) in their very active move- 
ments. The rounded proHtomium hours four or iive tentacles; there 
are four long peristomial cirri on each side (see Fig. 1 34, K). 

Sub-Fain. 1. Phyllodocina . — The body is elongated, with 
numerous segments ; the eyes are small ; the. chuetae ure jointed ; 
the dorsal and ventral cirri are foliaceous ; the pharynx is covered 
with papillae externally, but contains no “ jaws.” 

Pkyllodoce bus a more or less depressed liody ; four prostomial 
tentacles; four pairs of peristomial cirri. P. lamelligcrtt Jnstn. 8 
(the “ paddle-worm ”) may reach a length of 24 inches, but is 
usually 8 to 12 inches long and £ inch across. The general 
colour is bright bluish-green or yellowish-green, with metallic 
iridescence ; the parapodia olive-green or brown, the sensory pro- 

1 F. Buchanan, “ Report on Polychaetes, Part I." Sci. Proc. Roy. Dublin Soc . 

vii. (n.s.) 1993, p. 169. * 

2 Polyodontcs Ran. deserves mention as being a large, rare form with peculiar 

pedal gland ; of. Eisig (ref. on p. 268), p. 324 ; and Buchanan, Quart-. J. After. 8c. 
xxxv. 1894, p: 433. ‘ ' 

2 Many authorities regard this species as synonymous with Savigny's P. laminosa. 
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cesses yellow. It lurks, during day, under stones and shells, etc., 
in the Lnminariun zone. The green egg masses, so frequently 
referred to as belonging to Arcuicola , are laid by. Vhyllodocids. 1 



In liitltilia an additional (liftli) tentaele arises from the 
middle of the bark of the prostomiuin. K. riridis Mull. is a dark 



green worm smaller than the preceding ; common 
between tide-marks, hiding in cavities and tunnels 
in limestone lucks, which have been bored by 
the mollusc Mwicara ; it is rare where 1 , such 
rocks are absent. It might have been thought 
that its vivid colour would harmonise with its 
surroundings, hut it is most abundant in regions 
where Fvrus abounds and Viva is absent. It is 
evident then that the* colour is not protective ; 
it may perhaps he of warning significance, lor 
the mucus secreted in quantities by glands on 
the cirri of the lMiyllodoeids is probably ob- 
jectionable, to their enemies. Phalacrophorux 
Grf. and Pontodom Grf. may he mentioned as 
pelagic genera. 

Sub- Fam. 2. Lopadorh ynchi na . — This in- 
cludes small forms, Lopadorhynchiis Gr„ Pela- 
yobia Grf., and other pelagic genera. 

Sub-Finn. o. Alr.ioj)ina m — These are surface 


Fio. i flfl. Xauphmtta forms » an,1 » lik « l^lagic animals, are colour- 

wkx u. cirf. . 4. less and transparent ; the eyes, however, are 
The' large eye! ^ very large, ami, with certain brown spots in 

each segment, 2 are the only coloured parts in 


the body ; in structure the eves are much more complicated than 


1 According to a verbal communication from Mr. J. Hornpll of Jersey, they belong 
to P. maculata Miill. , while Mr. Ciarstang believes them to belong to Eulalia viridisw 

* These Begmen tally-arranged brown spots may perhaps be photogenic. 
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those of other Polychactes. The prostomium has five tentacles ; 
there are long peristoniial cirri, and in general their anatomy 
agrees most closely with that of Phyllodocids. Ale tape, Astcrope, 
Vawtdis, Nauphanta are genera of the fumily j 1 none have been 
recorded from the British area. 

Fam. 5. Tmnoptrrirfnc? — This includes hut one genus, Tom- 
optcris, which is pelagic. The. transparent, colourless hody 
consists of only a few (eighteen to twenty) segments; the 
parapodia are as long as the body is wide, and carry no clmetue ; 
eacli is hilobed, and fringed with a membrane ; each of these lobes 

Flu. 1 fl/. — Tomop- 
/•■#■/ h •t'ofuH} Grf. x 
10. From Guinea 
Ish»s. pr t liaiin- 
iiu;r-Mlui|MM| pm- 
sioiniuiii ; ,r, first 
<liai‘tigt*i<»us pro- 
c-l'hh ; .v, srooiul 
ilim*tigt j rou.s pro- 
cess ; c r roset-te 
(ph otogenic) 
organ on liist two 
parapodia; A, 
.similar organ in 
till* lolx'.s of thu 
following para- 
]N»iliu ; //.pigment 
spots ; j\ puni- 
podium. ( From 
Gm-f . ) 

contains a yellow rosette-shaped pliotogcnic organ. The only 
chactae present in the worm are on the “ head” The prostomium 
is hammer-shaped, and appears to carry a pair of short filaments 
Yvntxully (Fig. 107, x), each with a single choeta within it; and 
a longer filament laterally (y), supported by a long, very delicate 
chaeta. The mouth is behind these, and they prulnhly are the 
first pair of pantpodia which have shifted forwards. T. onisci- 
formis Eschscholtz is not unfrequently obtained off our shores in 
the tow-net. 

Fam. 6. Nereidac (. Lycoridae ). — This family contains a very 
large number of species, differing from one another in small and 
not readily recognisable characters, such os the relative lengths 

1 Greef, Acta Ac. German. t xxxix. 1877. 

■ Greef, Ztilechr. /. wise. Zool. xlii. 1885, p. 482. 
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of the various processes of the head, of the lobes of the feet, the 
arrangement of the “ paragnaths " (see Fig. 125, tf), and so forth. 
The general features of tlie family have been already described. 
The genus Nereis is represented by six fairly- common species 
on our coast, which are almost world-wide in distribution. 

JV. diversicolor Miill is about 3 to 4 inches in length, of a 
general lleshy-red colour, though tending in some cases to yellowish- 
brown or even greenish. It may be distinguished by two diverging 
brown bunds, which start on the peristomium and pass backward 
one along each side of the body for several segments. The pro- 
stomium is broader than it is long. The worm burrows in mud 
or sand, all round our coast between tide-marks. It has a very 
wide distribution, being met with on this side of the Atlantic, and 
off the coast of Greenland, and off Japan. It is even found in 
brackish water at Bembridge, Isle of Wight. 

N. ml tr if era Gr. is given or greenish -grey, with a series of 



Fro. 169. — AVnfff ndirifera 
Gr. x6. Howl with 1 >ucca1 


small rectangular light spots along the 
mid-dmsal surface, and oblique light lines 
at the sides of each segment. Posteriorly 
the greenish figment becomes less and 
less till the hinder segments are flesh- 
coloured. The prostomiuin is as long as 
it is broad. This species attains a length 
of G inches. Southern coasts: locally 
known as “ Bed Cat.” 


region everted, to show tlm 
arrangement of the jaws. 
(From Fillers.) Of. N. 
divers icvLrr, Fig. 126, p. 
248. 


N. dinner Hi i Aud. and Edw. is rather 
smaller and narrower than the two preced- 
ing species ; it is reddish-violet in colour, 


marked with darker transverse lines in 


each segment. It is readily recognised by the two dark brown 
spots on the upper surface of the base of the notopodium in most 
of the segments, and by the great length of the peristomial cirri, 
the longest of which reaches the fifteenth segment. It is some- 
times found enclosed in a cocoon-like tube of hardened grey 


mucus, more or less covered with foreign particles, such as sand 


grains. Atlantic, Mediterranean, Japuu. 

X jjehyica L. is red -blown or bronze in colour, and is 
generally larger than the other species, from wliicli it is dis- 
tinguished by being widest about the middle of the body (see 
Fig. 122, p. 246); whilst in the preceding species .tlie greatest 
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breadth occurs at the segments immediately following the head. 
Further, the palps are* long, the peristomium is twice os long 
as the next segment, and the back of the worm is strongly 
arched. At all depths on rocky and stony ground. Northern 
coasts. 

N. (Nereilepcta) fucata Sav. lives in the topmost whorls of 
empty whelk shells and in those occupied by hermit crabs. The 
ground colour is tile-red, with two milk-white bunds along the 
dorsal surface. The dorsal lobe of the foot is slightly foliaceous, 
glandular, and vascular. * 

N. ( Alitta ) virens Sars, is a giant amongst Polychaetes, reach- 
ing a length of 18 inches. Its name suggests its colour; it is 
very plentiful at certain times at St. 


Andrews, and between tide -marks along 
the shore of the Mersey estuary, as well 
as elsewhere. It forms a burrow in the 
(day, etc., of the shore, and lines it with 
mucus, which is abundantly secreted by 
the great foliaceous lobes of the purttpodiii. 
These great leaf-like lobes of the foot recall 
the modification which the foot of many 
species of Nereis undergoes in transforma- 
tion into Hetcronercis : they are so greatly 
developed that, at first sight, the worm 
might be mistaken for a large Phyilodoce . 
The worm is known us the “ Creeper," 
and is much esteemed as bait on some 



Fig. 169. — Pfcrapodiuiu of 
N. virena Saw, x 4. a, 
Notopodial cirrus ; 6, 
uoto|)odiiiiii ; r, neuropo- 
dium ; d, ueuropodial 
cirrus ; l , foliaceous ap- 
pendage. (From Fillers.) 


parts of our coast. 

Fam. 7. Ncphthydidae. — The elongated body is quadrangular 
in section, the dorsal and ventral surfaces being almost Hut (For 
head see p. 262, and for porupodiuin, p. 264.) The two lobes 
of the purapodium are widely separated, and each is fringed with 
a membrane, while a sickle-shaped “ gill ” hangs down from the 
under surface of the notoi>odiuiu. The pharynx is enormous. 
Of the genus Nephtkys two species, called the “ Lurg ” or “ White 
Cat ” by fishermen, occur on. our coasts. Their active movements 
and beautiful mother-of-p&rl tint are characteristic. N. hom- 
hergii Aud. and Edw. occurs oh the shore, and down to 20 
fathoms; it is 3 or 4 inches long, and may be found burrowing 
in the sand ; the chaetae exceed in. length those of N. caeca 
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Fabricius, wliicli occurs less frequently aiul in deeper water, and 
is larger than the preceding. Hoth are Atlantic forms. 

'Fan. 8. Amphinomidae. — The body in this family is cither 
vermiform, as in Eurythoe , or oval and flattened, as in Euphro- 
syns and tip hither. The head, carries a peculiar sense organ, the 
“ caruncle,” consisting of a smooth axis with the sides folded so 
as to look like a number of lamellae. The parapodia carry gills. 
Most of the Amphinomids are tropical and Southern forms. 

Eurythoe borealis Oerst. measuring G inches, occurs all round 
the British area, from the Slictlands, where it occurs in deep 
water, to the Channel Isles, where it lives on shore, under stones, 
etc. (For parapodium of Amphhwme. see p. 204.) 

Euphrasy nr. — The body is short, oval, and flattened. The 
parapodia are not distinct processes, but the chactae extend from 
each side of each segment manly to the middle dorsal line, 
and are absent ventrally (Fig. 127, (\ p. 2G5). The dorsal and 
ventral cirri are more or less iililbrin, ami there is an inter- 
mediate similar pmjess on the back ( ? = lip of cliaetigerous sac).. 
Amongst the cliaetae are a number of curious branched processes 
— usually called “ gills.” 1 The presence of these and of the 
chactae give the upper surface of the body a fluffy appearance. 
E.foHosn And. and Edw. is fairly common under stones on our 
southern shores. It is about an inch in length and is of a 
oi 1 1 namon-red cc >1< mr. 

Fam. 9. Eunicidac.—*- The elongated body is provided with 
parapodial gills in more or fewer segments (except in Lumbrico- 
nereis ). The “ gills ” may be cirriform ( Hyalinoecia ), pectinate 
( Eunice , Onuphis ), or more complex (. IHopatra ). The notopo- 
dium is represented by a lobe (usually called “ cirrus ”) into 
which an aciculum projects : in some cases it even contains a 
few chactae- ; most of the neuropodial chactae are jointed (Fig. 
138, F). The prostomial tentacles vary in number; they may 
be three or live, or five and two short “ frontal palps,” or they 
may be absent. IVristomial cirri are absent, though in Eunice , 
IHopatra , and Onuphis “ nuchal cirri ” are present on the dorsal 
surface of the second segment (Fig. 134, D). One of the most 
characteristic features in the anntoirty of the Eunicids is the 
peculiar jaw apparatus (see p. 270). The majority of the 
genera form permanent tubes of parchment - like consistency, 

1 Buchanan, Quart. J. Micr . Sri. xxxv. 1804, p. 445. 
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which may be further strengthened by the addition of grains of 
sand, small pebbles, etc. ; the tubes may be branched. 

Eunice has five tentacles, two great palps, and a pair of 
nuchal cirri ; the gills are pectinate, and there arc four anal 
cirri. JR liarassii And and Edw. is about 8 inches long. 
It is reddish-brown, with white spots down the back, one to each 
segment, and others at the sides. The gills begin at the sixth 
segment, and when fully developed have eleven branches. The 
dorsal cirrus is not longer than the gill, 
forms its tube amongst the branches of 
Loph ohcl itt pn>l /'/Vm, in 200 fathoms, off 
the west coast of Ireland. 

Marphym resembles Eunice , but has 
no nuchal cirri. J/ mnrfu i tint Mont, is 
a fine bronze colour, with blight rod 
gills, which commence on tin* twentieth 
segment, and have only four or five 
branches. The worm, which measures 
12 to 18 inches, and is as thick as 
ones finger, hides in clefts in rocks and 
under stones below low water. Medi- 
terranean. Jt is known as “ Hook- 
worm ” in the Channel Islands. 

Hyalinocria Mgrn., in addition to 
the five prostoinial tentacles and palps, 
possesses a pair of small “ frontal palps ” 
arising from the anterior border of the 
prostomium; there are no nuchal cirri, 
and the gills are simple filiform pro- 
cesses. If. tuhico/a Mull., about o inches 
long, is yellowish -brown, and forms 
a transparent, parchment -like tube. 

Atlantic and Mediterranean. 

Onuphis Oerst. lias a head like the Fiu. 170 .--Ophrynirocha purr- 
preceding, from which it differs in having 

pectinated gills and two nuchal cirri like atetl (uueiiii organ) ; J t 

. , , . * jaw#. (From KorechelL) 

Eunice. In making its tube it employs 

small pebbles, bits of shell, and even echinid spines, which it 
glues together with mucus, so that it l>ears a general resemblance 
1 Buchanan, AW. Proc . H. Dublin Hoc. viii. (n.s.) 1803, p. 100. 
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to its surroundings. O.^conchyleya Sara, has a flattened, scabbard- 
like tube, which can be curried al>out by its owner. Atlantic. 
Lumlrriconereis 1ms a more or less conical prostomium, without 
any tentacles, but with large palps: segments 
without gills. Z. fragilia Mull is reddish or 
brownish, with a beautiful iridescence; it is 
cylindrical, very narrow, and some 5 or 6 inches 
long ; Z. tricolor Jnstn. is much larger. 

Ophryotrocha ( Fig. 170) is a small form often 
JMj occurring in aquaria; it is chiefly remarkable 
for the possession of seginentally-arrunged girdles 
of cilia — a permanent larval feature. Lyddite 
niwetta Aiul. and Edw. belongs here. 

Fam. 10. Glyceridac . — Elongated worms with 
numerous segments. The prostomium, though nar- 
row, is long, conical, annulated, and curries at 

^ its apex four very small tentacles ; at its base a 

pair of palps. Special retractile gills are pres- 
ent. The anned pharynx is very long, and when 
protruded ap]>cars wider than the animal. The 
members of this family are without any system 
of blood-vessels, but the eoelomic corpuscles are 
coloured red. G/yccra has four jaws, the parapodia 
are all alike (Fig. 136, C). G. capitata Oerst. is 2 
or 3 inches in length, iH yellowish in colour, with 
a dark-red median line. It may be found 
burrowing in sand. The setigerous lobes of each 
n foot are coalesced to form one large lolie with 

** pointed apex. The dorsal cirrus is a small wart 

above the luxse of the foot. Atlantic and Medi- 
terranean. A second species, which is much - 
Larger and flesh-coloured, also occurs. 

Goniada is distinguished from the preceding 
by the fact that the parapodia suddenly change 
Fio. \n.—oiycera * n B * zo an( l character at about one-third the length 
meekdii Ami. a f the body. The pharynx has numerous para- 
pharynx everted! gnaths. U. maculata Oerst. occurs off our coasts, 
x l. (JBfeiis Fam. 11. Sphaerodoridae . — rThe dorsal and 
v nw m) ventral cirri of eacli segment are spherical. 
The chaetae are usually jointed, and there is an ociculum to each 
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parapodiuni. Ephesia lit like. (E. yracilis R. = Sphaerodorum 
pevipatm Jnstu.) is exceptional in having unjointed ehaetae. 
North Sea, Arctic Ocean, ami the Channel. The family, which 
is much modified, is allied in some respects to the Syllidae. 

Fam. 12. Ariciidae . — These worms burrow in sand between 
tide-marks. The body consists of many short segments, and ife 
nearly cylindrical. The pmstomium is more or less pointed ; the, 
ehaetae arc all capillary ; in the first few segments they project 
laterally but soon come to lie dorsally, and are carried by slight 
conical papillae (supported by ucicula), which are longer in the 
middle of the body. Most of the segments carry filiform “ gills,” 
representing the dorsal cirri (Fig. 137, I»). 

Sru/opfos annif/rr Midi, is extremely common on our coast. 
It is about an inch long, yellowish, with red gills, commencing 
about the twelfth segment. Each of the lobes of the parnpodiuin 
possesses an aeiculum, and the ehaetae are bent in a peculiar way. 
The everted buccal region has the form of a six- or eight-rayed 
star. The spawn of this species may he found on the shore in 
spring as brown, pear-shaped, jelly-like masses, each with a long 
stalk, by which the mass is fixed to the wind. In the jelly are 
the eggs, which may he watched passing through the. earlier stages 
of development. Atlantic oil hot h shores, even off Spitzhergen, 
and Nova Zenihla. Another representative is Th? udinc a vutmil - 
htht Clap., which occurs amongst the roots of Laminaria. 

Fam. 13. Typh losrolrr i — Pelagic, greatly modified forms, 
apjMirently related to the. Phyllodoeidae, but with very uncertain 
affinities. The prostomium is pointed and carries a pair of 
foliaceous tentacles ; each of tlie first two segments bears u pair 
of foliaceous cirri ; the remaining segments possess a dorsal 
and a ventral pair of foliaceous cirri, with a small bunch of 
ehaetae and a single aeiculum. All the cirri have peculiar rod- 
cells. TyjAthwolw: Ihiscli, Sayitclfa Wagner, and Travisiopsis 
171 jau in: all small worms. North Sea Atlantic. 

Sub-Order 2. Spioniformia. 

• 

Fam. 1. Spionulae . — Mostly small worms, with small ridge- 
like prostomium carrying a pair of eyes, but no tentueles or 
palps. The peristomium, which extends forwards on each side 

1 Reibisch, Phyllodocidcn u. Typhloscolecidtn d. Plankton Exped. 1895. 

VOL. II • Y 
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of the pros tomi um, Ijeam a pair of very long cirri (usually 
termed "tentacles”) normally directed backwards, very mobile, 
and more or less coiled. They arc readily thrown off by the 
animal. The notopodial cirri are long, finger-shaped, and curved 
over the kick; they are vascular and ciliated, and function as 
"gills.” The neuropodia project laterally. Both are usually 
provided with a " podal membrane ” along their outer margin. 
There are no ventral cirri ; the dorsal chuetue are fringed 
capillaries; the ventral are "crotchets.” The buccal region is 
eversible. The worms burrow in mud and sand. 

Spio seHcornis Fabr. is a small worm less than an inch in 
length, colourless except for the ml blood in its vessels. It builds 
long and flexible tubes of wind in the clefts of rocks and under 
stones in the upper part of the littoral zone. The prostomium is 
notched at the anterior margin. The gills commence on the 
twelfth segment, and do not extend to the end of the body. A 
membrane-like cirrus exists also on the second chaetigerous seg- 
ment. The podal membrane is adnatc to the gill throughout its 
extent. Four short anal cirri occur. Greenland and Scandinavia. 


Nvrinc is represented by two species, sometimes called " Bag- 
worms.” The genus is very similar to Sjrio, but the worms are 
of larger size. The prostomium is compressed by the forward 
growth of the peristomium, and appears as a ridge on the latter 
segment, extending downwards in front towards the mouth. The 
" gills ” commence on the second segment, and are continued in 



Fio. 172. — Kerins vulgaris Jnstn., enlarged. 
(From Cuiiiiiiiglinni.) a, Prostomium ; 
e 1 , cirrus of peristomium ; e s , “ gill ” ; 
/, lobes ; m, ]>odal membrane ; I, ]>eri- 
Ktomlum ; 11, 111, TV, following segments. 


every segment except the hind- 
most. Nerine (Scoltrufejns) 
vulgaris Jnstn. is readily distin- 
guished from other species by 
its somewhat T - shaped pro- 
stomium. It is an extremely 
common worm under stones and 
amongst seaweed at low water. 
It is some 3 or 4 inches in 
leugth and more slender than 
the following species. Its colour 
is yellowish-brown, and the red 
gills directed upwards and back- 


wards give the appearance of oblique red lines. The podal mem- 


brane docs not reach the tip of the gill. North Atlantic. It is 
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said to ascend rivers and live in brackish water. X, conioccphala 
Jnstn. is much the same colour, but reaches a length of 8 inches, 
and a diameter of £ inch. The prostomium is conical. The podal 
membrane reaches to the tip of the gill in the anterior segments. 
The worm burrows rather more deeply and nearer low-water mark 
than the preceding species. 

Fam. 2. Pulydoridac. — Polydora Bose ( = Lcncodore Jnstn.) 
is readily distinguished from the other Spionids, and, indeed, 
from any other Polychaet (except Chactopterus), by possessing 
specially strong chaetae in the enlarged fifth chaetigerous segment. 
The anterior segments differ from the rest in the absence of gills 
and in the character of the chaetae (Fig. 183, A, p. 2G1). 

l\ cilia t a Jnstn. inhabits soft mud tubes near low water; 
it also makes U-shaped galleries in stones and Hhells, and the 
tube projects from each mouth. The worm is about ^ inch 
long, consists of some forty segments, and is yellowish or 
flesh -coloured. The prostomium resembles that of Hjriu ; the 
peristomium is raised into a slight collar at each side. The 
anus is surrounded by an incomplete funnel. The species has 
almost a world-wide distribution, having been recorded from 
Iceland, Australia, the Philippine Islands, as well as from the 
European seas. P. caeca Oerst. often lives commensally with a 
sponge, having a protective odour. 

Fam. 3. Ch uetopteridac.- - The family is represented on our 
coasts by Chaetopterus ranapedatus lien., 1 which is found at 
the Channel Islands, the Scilly Isles, the Isle of Man, and the 
west Scottish coast, and probably at various other places, 
at low water and down to a depth of some 15 fathoms. It 
occurs in all European seas. The animal builds a long tube, 
the basis of which is a tough, parchment - like substance ; 
this is coated externally with sand, small pebbles, and other 
debris : it is of considerable length and about % inch in 
diameter, is U-shaped and open at both ends, the greater purt of 
it being embedded in sand or in crevices of rocks. The animal, 
whose body-wall is thin and delicate, never leaves its tube. 
The body liu6 a bizarre appearance; three regions are readily 

1 The British species is usually referred to os C. insignia Baird, but Joyeux 
LafFuie {Arch, Zool, Exp, (eer. 2) viii. 1890, p. 244) has shown that there is 
only one European species. It is possible that there is a closer affinity with the 
Sabellifonnia than is at present supposed. 
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distinguishable, which may be denoted by the letters A, B, and 
C. " The most anterior region. A, is flattened, and carries 
nine pairs of conical lobes with delicate chaetae, though the 
fourth lolx! possesses s])ecial stouter chaetae (as in Polydora). 
The anterior end of the body terminates in a wide funnel, the 
boundary of which is formed chiefly by the peristomium ; on its 
dorsal surface is a pair of tehtacle-like processes (i>eristomial 
cirri) ; the region between which represents the prostomium. 

The second region, B, is very curiously modified ; it is formed 
of five segments. The most anterior is produced on either side 
into a great wing-like process, which in life is directed forwards 
above the region A. Each is grooved on its inner side, the 
ciliated grooves being continuous with a median groove running 
forwards along the back of A; this apparatus serves to bring 

t food to the great funnel -like mouth. 

The next segment (twelfth) carries a 
dorsal and ventral “ sucker,” representing 
the parapodia. Each of the segments 113, 
14, 15 carries a membranous fold en- 
circling the body. By the constant 
movement of these “ fans ” which have 
nearly the same diameter as the tulie, 
u current of water is constantly washed 
over the animal. The fans represent 
the-notopodia; the nouropodia are hilo1>ed 
rounded knobs. The region 0 consists 
in the adult of about thirty segments, 
all alike, and less modified than the pre- 
ceding. The animal is the most truly 
^ tubicolous of the Polychaetes, and is 

, much modified on this account. No 

Fig. 1 / 3. — Chaefoptrrvs. (From , . , 

Pan cm-) Natural size of a locomotor chaetae are present, though 

young specimen. A is the tlie great wings and notopodial processes 
B, the mhiiiie region ; c, the of region C contains clutinous bristles, 

Hrrp r rf^^sueker^^^the however, do not project; 1 the 

great “ wings”;/, the first of anterior region with its stiff chaetae, and 
the three “ fans ; m, mouth. j.j ie neur0 p 0 dial uncinal plates of the rest 

of the body sen r e in its movements up and down the tube, while 
the “ suckers ” fix the worm temporarily to the wall of its house. 

1 Compare Stemaqrta, p. 336. 
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Chactopterus is highly phosphorescent (see p. 295). It 
is further interesting on account of the green colouring-matter, 
which is extracted by alcohol. Two commensal Polynoids occur 
in the tube, viz. Polynoe glabra and P. cirro&a. The larva is 
“ mesotrochal ” (with a ciliated ring round its middle.), that region 
of the body lying in front of the cilia giving rise to the region 
A, whilst the rest of the body gives rise to regions B and C. 

Fax. 4. Magclonidae. — This family includes only the very 
peculiar worm, Magdona papillicornis Fr. Mull., which lives 
buried in sand, between tide-marks, in various parts of our coast 
and that of the United States. Its chief features arc the large, 
flat, spoon-slmped prostomium ; the long peristomial cirri, slightly 
expanded terminally, carrying papillae ulong one side ; the 
enormous, eversible buccal region, which is an important 
respiratory organ. The blood is of a madder-pink colour, and 
the blood-vessels in the thorax are greatly dilated. The body 
of the worm is divisible into two well-marked regions, owing to 
differences in the chaetae. 1 

Fam. 0 . Ammoekaridae . — This family contains only one 
species, Owenia filiformis I). Ch. Some of the anterior segments 
are longer than the hinder ones, though the arrangement of 
chaclac is alike throughout. The mouth is wide, like thut of 
ChadopteruB, and is surrounded, except vcntrally, by a membrane, 
so deeply notched as to give rise to flattened filaments containing 
blood-vessels. These “ gills " appear to belong to the peristo- 
mium. The small worm in its sandy tube is plentiful on our 
coasts in about 20 fathoms. Off Greenland and the Mediter- 
ranean. 

Sub-Order 3. Terebelliformia. 

Fam. 1. Cirratulidae. — These worms have a cylindrical body, 
more or less attenuated at each end ; the segments are distinct, 
and 'similar throughout, with capillary chaetae on each side in 
two bundles, carried by small papillae. The prostomium is 
conical, the peristomiuin usually without cirri. On more or 
fewer segments the dorsal cirri are long and filamentous, and 
function as gills. There is a single pair of anterior nephridia : 
the septa and genital ducts are repeated throughout the hinder 
part of the body. The worms usually live in burrows. 

1 For literature, see Benhom, Quart. J. Mier . Sci. xxxix. part 1, 1896, p. l; 
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Cirratulus ^ — The prostomium is long, sometimes annulnted. 
In addition to the segmental filamentous "gills” there is a 

transverse row of long “ tentacular filu- 
ments ” across one of the anterior seg- 
ments, and it has been suggested that 
they are really prostomial tentacles 
which have shifted backwards. They 
and the gills twist about in a very 
active fashion during life, and look 
like small independent worms, especially 
when they are detached. C. cirraftts 
Mi ill. is a brown or dirty yellowish 
worm about 4 to 0 inches in length, 
usually to be found under stones, 
partially embedded in the mud or sand. 
The prostnmium carries a pair of 
linear groups of “ eye-spots ” ; the first 
chuetigerous segment carries a trans- 
verse row of tentacular filaments, and 
the red gill -filaments commence on 
the same segment. Common. C. ten- 
taculatux Mont, is a larger worm, dark 
red in colour, and is distinguished from 
the preceding by the absence of eyes 
Fig. 174 . — Cirratulus ientacn and by the fact that the tentacular 
(From *Rit/nc iL'wifl/’) MWe filaments are on the seventh el met i- 
geroiis segment, while the gills com- 
mence more auteriorly. Atlantic and the Mediterranean. 

Chaetozone setosa Mgrn. occurs in the North Atlantia 
Dodecaceria concharvm Oerst. is about an inch in length, olive- 
green or brownish in colour, and is not uncommon amongst 
roots of Laminaria. It is stated to live also in tortuous tubes 
bored in shells and stones, but whether it makes these tubes is 
uncertain. The worm has two thick tentacular filaments, and 
the thinner gills are only on four segments. Hekuterohra nchvs 
shrubsolii Buch. 1 is a small worm some ^ inch long, found at 
Sheerness, where it occurs at low tide in soft mud; here it 
forms A loosely coherent tube, though it also moves freely in 
the mud. Its chief features are (1) a pair of long, ciliated 
1 F. Buchanan, Quart. J. Micr. Sei . zxxi. 1890, p. 175. 
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“cephalic tentacles,” probably peristomial, and similar to the 
" tentacular filaments ” of Dodecaceria ; (2) a pair of filamentous 
gills (dorsal cirri) on the first choetigerous 
segment ; (3) a pair of large g^een nephridia 
in the anterior segments. The describer 
placed it amongst the Spionids, but the 
above and other features point to Cirmtulid 
affinities. 

Fam. 2. Terelellidac. — The body is cylin- 
drical, and generally larger in front than 
behind. The prostomium is generally 
flattened, and forms a mobile upper lip, 
which always carries a transverse series of 
many tentacles; it may bear “eye-spots,” 
but never pulps ; the lower lip is formed by 
the pcristomium. There are one to three 
pairs of gills, which are usually more or less 
branched, on as many segments. 1 

The chuctigcrous lobes are small ; the 
dorsal ones contain capillary chaetae, which 
are frequently confined to the anterior 
segments, whilst the ventral chaetae are 
uncini. The ventral surface, of the anterior 
segments is thickened by glands which secrete Flu \ , 17 5‘ T 
the mucus employed 111 tube- bunding ; the y, Gills; j.proHtomial 

number of these “ shields ” and of the dorsal Ciufiiiiighai^iiiid 

bundles of chaetae have to be noted in iden- Rauiage.) 
tifyiug the worms. There are one to three 
pairs of large anterior nephridia. A very strong “ dia- 
phragm” — usually more or less pouched — cuts off this anterior 
region of the body-cavity from the rest, and is the only com- 
plete septum in the body ; from three to twelve pairs of 
small generative ducts occur behind it. The family is tubi- 
colous, foreign materials being generally used in the formation of 
the tube. 

There are six genera which are fairly common round our 
coast, and their identification may be facilitated by means of 
the following table 2 : — 

1 In some genera there arc no gills, r.g. Leaena. 

* Those characters are not necessarily generic. 




32t 


POLYCHAETA 


A. Capillary ohae toe 
confined to the 
anterior part of 
body ; commenc- 
ing on the fourth 
segment. 


B. Capillary chactae 
throughout the 
body ; commenc- 
ing on the third 
segment. 


Gills 

ramose. 


Gills. 


3 pairs, which are 


jequal in size. 

I unequal in size. 


Amphitrite . 
24 notopodia. 

Tcrehdln. 
17 notopodia. 


/’Gills equal. 

I Eye-spots. Nicolea. 

1 2 pairs. , 

1 17 notopodia. I Gills unequal and 7 ... 

I of peculiar shape. 

/arborescent ; 3 pairs. . Lrprat . 

I filiform ; in trails- * 

verso series in two 

[ segments. Thrtcpus. 


Am ph Ur it a johmtoni Mgrn. (Fig. 1 7T>) is brown in colour, 
about 4 to G inches in length, and nearly £ inch in bmulth 
anteriorly. Each of the gills consists of a curved stem ; from t he 
convex side of which arise a number of branches, themselves 
dichotomously divided, the final branches being long (Fig. 17G, A). 
There are twelve ventral “gland shields.” The. worm is fairly 
common between tide-marks, below stones in muddy places : the 
end of its tube of mud projects above the surface. Atlantic. 

Teirhelkt (PoIymnUi) ncbnlnsa Mont, is distinguished by its 
bright red colour, spotted with white ; it is 6 or 7 inches in 
length, and ^ inch across. Large specimens of this beautiful 
worm may be obtained at Weymouth and elsewhere on the south 
coast, where it lives in about 14 fathoms. Each gill appears 
much more arborescent than in the preceding (Fig. 17G, B); it 
consists of a main stem, from which comparatively few branches 
arise; these subdivide frequently, and the terminal branehlets 
are quite short. The “gland shields” are fourteen to sixteen 
in number. The tul>e is of mud. North Sea and Mediter- 
ranean. T. ( Leprea) lapiduria L. is 1 inch in length, orange-red 
in colour ; and has 1 2 ventral shields. The tube, of fine mud, lies 
horizontally on the under surface of stones. 

T. (Lnmee) conch ilega Pall, (the “sand mason ”) forms a 
very characteristic tube of sandy particles, small pebbles, and 
pieces of shell. It is buried in the sand, but a short }H>rtioii 
protrudes, and bears, set round its edge, a fringe of branch- 
ing sandy threads (Fig. 153) commonly seen on sandy shores 
between tide-marks. The worm may l>e distinguished from the 
preceding species by the fact that the series of fourteen to seven- 
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teen gland shields are red, and continuous from segment to seg- 
ment. The gill is shown in Fig. 176, C. North Sea, Atlantic, 
and Mediterranean. 

Nicolea venustula Mont, has only two pairs of equal, arbor- 
escent gills (Fig. 176,D); the tentacles are comparatively few. 
The animal, which is about an inch in length, is cinnamon- 
yellow with white spots, and has seventeen gland shields. 20 
fathoms, North Sea and Mediterranean. Pistil crhtata Mull, is 
readily recognised by the shape of the gills (Fig. 176, K), of 
which there are only two pairs. Each consists of a long peduncle. 



Fia. 176. — Gill* of various Terelxilliilx. x 4. A, A mph i trite, johnaton i Mgm. ; B; 
Terebcllu nebiilosa Mont ; C, T. conchilega Pall. ; D, Xicolea Mgrn. (the liner 
brunches are not indicated) ; E, Pista Mgrn. ; F, Terehellidca Sars (after Malm- 
gren). g. Gill ; in, mouth ; /, tentacles. 

bearing a number of dichotomously dividing, rather spirolly- 
aminged branches, the whole, hflving the appearance of a “ bottle- 
brush.” The worm is . S' to 4 indies long, of greyish-red to yellow 
colour. Atlantic east and west (even at the mouth of the Congo), 
tuid Mediterranean. T/ielepus cincinnatus Fabr. is about the same 
length, pole red in colour, marked on its back with dear areas, 
giving the appearance of lacework. The gills are represented by 
numerous unbranched filaments arising separately in two trans- 
verse rows. The tube, which is adherent to shells, etc., along its 
whole length, is of thin, transparent, and flexible material like 
mica, covered with foreign bodies, and even with folyzoa and 
Uydrozoa. 30 fathoms, Atlantic and Mediterranean. _ 
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Poly cirrus aurantiarns Gr. is sometimes placed in a special 
sub-family, as it lias no gills. The numerous tentacles are 
very long, and arise from a great hood over the mouth; the 
capillary chaetae commence in the first segment and extend for 
about half the length of the laxly ; the uncini commence in the 
ninth segment. The ventral “ shields ” are paired. The animal 
is highly coloured ; its phosphorescence and its distastefulness 
have already been mentioned on p. 294. In Terelell ides stroe.mi 
Kars, four comb -like gills urise from a single common thick 
peduncle on the Iwick of the second segment (Fig. 176, F). The 
ventral surface of the body bends upwards anteriorly so as to 



Fid. 1 77.- - Pcctinaria 
br.ltjica Pall. 
Slightly enlarged, 
ff, Neuropodial 
chaetae ; ft, noto- 
podium; r/#-, puluac; 
I/, gills; sc, Kcaplia; 
t, pro.stomial tenta- 
cles ; /, peristo- 

m in in. (From 

Malmgreii.) 


bring the mouth to the dorsal surface. 13 to 
16 fathoms, muddy bottoms, North Sea and 
Mediterranean. 

Fam. 3. Ampliarelidar . — This family differs 
from the Terebcllids chiefly in the shape of the 
head and in the presence of a bundle of strong 
chaetae (or plicae) on each side of the head in 
front of the gills, of which them are. four on 
each side. Each gill is a simple filiform pro- 
cess, considerably longer than the tentacles, 
which are very few in number. Amphictcis 
gunneri Sal’s, Ampharcte gracilis Mgrn., and 
Melinda crislata Sars, occur on our coasts. 

Fam. 4. Amphietenidac . — This contains the 
interesting genus Pec t inaria, in which the bead 
is protected by great golden chaetae on the 
second segment ; they arc flattened, curved, and 
pointed, and are arranged in a single trans- 
verse row on each side 1 , serving as an oper- 
culum to the tube. The posterior end of the 
worm lias undergone great degeneration, and is 
represented by a small leaf-like “ scaplia ” which 
serves to close the tube posteriorly. The worm 
is 1£- inches iii length and consists of only 
twenty segments, of which seventeen are cliae- 


tigerous. The tube is nearly cylindrical, but 


wider anteriorly than posteriorly (Fig. 152, p. 288); the sand 
grains are uniform in size, and are embedded in the secreted 
mucus in u very regular way, the surface being smooth l>otU 
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inside and out. These tulies can 1>e earned alxmt by tlie worm, 
but may be found projecting from the sand at very low tides. 
P. belgica Pall, forms a straight tul>e, whilst in P. auricoma 
MiilL the tube is larger and slightly curved. The former species 
appears to be confined to the North Sea ; the latter occurs in 
deeper water, and is also present in the Mediterranean. 

Sub-Order 4. Oapitellifdrmia. 

Fam. Capitellidac} — Capitella capita la v. lien, occurs pretty 
frequently in the sand under stones near low tide-murk. It is a 
red worm, about 1 J to 2 inches long, greatly resembling a Tubi- 
ficid Oligochaetc. It may readily be distinguished from other 
Pnlyehoeta by the strong genital chaetac in the male, which 
replace the notopodial chuetae of segments 8 and 1) ; those in the 
former segment ure pointed buckwards, and in the latter forwards. 
There is but a single pair of generative ducts in either sex in 
the eighth segment. North Sea, Mediterranean. 

Nutomastus latc.riccus Surs is a longer worm, living in shallow 
water, off our coast and in the Mediterranean. The anterior 
twelve segments are wider than the rest of the body. The 
notopodial chuetae of the anterior segments of the hind body 
form a ring. Dasybram'hvs cnducus Ur., which occurs in the 
Mediterranean, hut not on our coast, reaches a length of 2 or 3 
feet. It has gills on the hinder segments above the neuropodia. 

Mastobnmchus Eis. is found in the Mediterranean. 

Sub-Order 5. Scoleciformia. 

Fam. 1. Opheliidae . — Comparatively short, rather ugly worms 
of a pearly colour, no prostomiul processes: purapodiu obscure. 
The family is represented in British waters by four species, 
occurring in shallow water. 

Ammotrypane a'ulogaster Eathke, is about 2 inches long; 
the nearly cylindrical lx>dy lias a ridge running along each side 
below the cliaetae. The conical prostomium is tipped with a 
small knob, and carries at each side a ciliated pit (Fig. 144, 
p. 273). Every segment, except the first chaetigerous, is pro- 
vided with a filamentous . gill (dorsal cirrus). ' • The segmentation 
1 Eifiig, “Die Capitelliden,” Fauna u. Flora G. v. Neaptl , Monogr. xvi. 1887. 
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is very obscurely marked, for internally there are only three 
complete septa, placed far forwards. The intestine is bent upon . 
itself. In Ophelia limacina Kthk. the gills commence in the 
eighth segment, and the longitudinal ridge does not extend in 
front of this segment. The worm is about 1^- inches long, and 
occurs between tide-marks. Travisia forbesi Jnstn., North Sea. 
Polyophthalmus pictus 1 Duj. is very abundant ut some parts of 
the coast. There are two bundles of chaetae on each side of 
every segment ; each bundle contains three chaetae, of which only 
one projects to any distance, Paired eye-like spots exist on the 
sides of twelve segments. The worm is about an inch in length. 

Fam. 2. Mahlanidae ( = Chyme nidae). — Represented on our 
coasts by four fairly common species. They form sandy tubes, 
which are embedded in the sand with a short portion projecting. 
In some places they are so abundant that at low water the sand 
has quite a rough appearance. The prostomium is frequently 
truncated and depressed, and iH always fused with the peristomium. 
A horny plate may be developed on the up]>er surface of the head, 
and the skin at the side of the prostomium is 
(tU frequently raised into a more or less prominent 

fold. The hinder end of the body carries a 
funnel surrounding the anus. There are no gills 
Igjjt nr sensory processes on the body. Some of 
the segments towards the middle of the body 
Fr0 |ilT«nv7i-oOTOf/w ma y than the rest. Peculiar serrated 

/ umhricaiis. hooks of characteristic shape constitute the neu- 
greii 1 ) ropodial “ torus.” The buccal region is eversiblc. 

Nicomcudie, lumbricalis Fabr. is a rosy-pink 
worm with white spots anteriorly; the chaetigerous ridges are 
red. The worm consists of twenty-six segments, and measures ’ 
2 or 3 inches. It is very narrow and readily breaks in pieces. 
The prostomium is laterally compressed; the anal funnel is 
fringed with a number of short equal processes. Under stones in 
the Laminarian zone. 

Axiothea catenata Mgrn., which may reach a length of 3 or 
4 inches, resembles the above in general colour, though of a 
deeper tint. There are only eighteen chaetigerous segments. 
The head has a membranous fold of skin on each side, and tli<& 
anal funnel is produced into longer and shorter processes. Both 
1 Eil. Meyer., Arek. mikr. Anal. xxi. 1882, p. 769. 
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these species are also found on the west side 
of the Atlantic. Cly - 

mene lumbricoides Qfg. 
is about 8 inches long; 
pink, with a light ring 
round each segment ; the 
seventh segment is larger 
and reddish-brown. The 
prostomium is Literally 
compressed. Anus on a 
cone, which rises from 
the bottom of a funnel, 
the margin of which is 
entire. Atlantic. 

Fam. 3. Areniro- 
lidae . — Here belongs 

the common "lug- 
worm” Aren kola marina 
L. f which occurs all round our coasts between 
tide-marks, and is so generally used as bait 
in fishing. The worm, which measures 5 to 8 
inches, is of a dark tint, usually brownish- 
given. It burrows to a depth of some 18 
inches or 2 feet, and throws up a consider- 
able quantity of “ castings ” or “ sand-ropes,” 
which are noticeable on eveiy shore consist- 
ing of mud or muddy sand. The body of 
the worm is cylindrical, thicker anteriorly ; 
the segments are indistinct, owing to the 
secondary groovings and furrows on the skin. 
The prostomium is in the adult fused with 
the peristomium; this and the second seg- 
ment are achaetous. Then follow twenty 
cliaetigerous segments with dorsal bundles of 
capillary chaetae and ventral rows of short 
crotchets. The hinder region of the body 
is achaetous and narrower than the rest, 
forming a “ tail.” " There are twelve (some- 
times thirteen) pairs of arborescent red gills 
on segments 9 to 20 (21). Internally there are 



Fig. 179 . — Axiothm cate- 
nuta. * x J. a, An- 
terior end ; liotopo- 
dinl and r, lieuro- 
podinl cliaetae ; p, 
perianal funnel. (From 
Malmgren. ) 



Flo. 180. — Arenicola ma- 
rina. x 1. Dorsal 
view. The anterior end 
w seeu partly from the 
side. ///, The first 
chaetigeroiM segment ; 
IX, the ninth chncti- 
gerous, and first 
branchial segment ; 
XXt, the last bran- ' 
chial segment ; h, 
notopodial and e, 
neuropodiol chaetae ; 
g\ g, the first and last 
gills ; t % the non-chae- 
tigerous tail.* 
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only four complete septa, and six pairs of nephridia, which are 
of large size: the fore-gut is eversible, Atlantic and Mediter- 
ranean. A second and smaller species, A. ecaudata Jnstn., occurs 
on our southern coasts ; it is readily distinguished by the absence 
of a “ tail/' the cliaetae and gills being continued to the end of 
the body. 

Fam. 4. Scalibregmidac . — Prostomium ill-marked, fringed 
with small processes. Parapodia represented by alight papillae ; 
two bundles of chaetae ; usually cirriform lobes above and below 
them. Lipobranchius jeffreysii M‘I. has a grub-like body pointed 
at each end ; forms tubes of mud. Firth of Clyde and elsewhere 
in North Sea. Sclcrocheilus Gr. in old oyster shells. Channel, 
Mediterranean. JSumenia cr asset Oerst. lias gills on first six 
segments. North Sea. Scalibregma inflata litlike. haq arbor- 
escent gills on segments 4 to 7. The anterior part of the body 
is dilated. North Sea. 

Fam. 5. Chlorhannidac. — The family derives its name from 
the green colour of the blood, due to chlorocruorin. The repre- 
sentatives ure comparatively short worms, witli capillary cliaetae 
on all the segments, the limits of which are not evident. The 
prostomium carries a pair of long grooved yellowish processes, 
which are perhaps palps, and several given tentacles, acting as 
41 gills,” arranged in a transverse series above the mouth (Fig. 1.34, 
F, p. 262). The peristomium is achaetous ; the whole 44 head ” (ran 
be withdrawn into the body. The cliaetae of the anterior seg- 
ments are especially long, and directed forwards so as to form a 
44 cage ” for the head. The body-wall is covered with longer or 
shorter papillae. Internally, the chief points of interest are the 
presence of only two septa ( Tropkonia ) or only one septum (Sipho- 
nostoma ), situated somewhere in front of the middle of the body, 
and forming a great backwardly-directed pouch, which contains 
a part of the looped intestine, and the nephridia, of which there 
are only two or four. 

Trophonia plumosa Miill. is about 2 to 4 inches long, 
yellowish-brown in colour, with a rough skin ; the head is usually 
retracted. It lives in the mud amongst Laminarian roots down 
to 50 fathoms. North Atlantic. Siphonostoma ( FldbeMgera ) 
diplochaitos Otto, has a transparent body -wall, so that the 
coloured viscera are visible. The skin carries long papillae, 
which 'traverse a thick jelly-like envelope secreted by it, in 
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wliich numerous diatoms live (symbiotically ?) ; the surface is 
covered by particles of mud, etc. This species, which may Ixj 
found under stones at low tide, occurs also in the Mediterranean. 

Fam. 6. Sterna spidae . — The single genus, Sternaspis , has not 
been recorded on our coasts, but is of so peculiar a structure as to 
deserve a description . 1 S. scuta ta Itanzani, occurring in the 



Fro. 1 81 . — Stern asp is scuta fa Ranz. x 2. ( From Vcjdovsky. ) Tlie left figure shown the 
ventral surface ; the right represents the internal organa as wen when the l>ody-waIl 
is pinned aside, having been slit up along its dorsal surface, a , Aims ; r, gills ; <■//, 
anterior strong chaetae ; cA 1 , bundles of chaetae along the lateral margin of the 
shield ; r/i s , the posterior marginal chaetae ; d , oviduct ; y, the external tube 
carrying genital pore ; /, coiled intestine ; w, iiepliridinm ( “ brawn tube M ) ; a, 
ovary, amongst the coils of the alimentary canal ; p t pharynx ; pr t prostomium, 
with mouth just behind it ; s, shield (on left figure) ; «, stomach (on right) ; sh, 
outline of shield seen through tlie ventral body-wall (in right figure) ; #, chaetae 
embedded in the body-wall, with nerves passing by them. 


Mediterranean, is rather less than an inch in length, and derives 
its. name from the possession of a pair of peculiar “ horny ” plates 
or shields on the ventral surface posteriorly. Around their 
margins are set about thirty bundles of long capillary chaetae. 
Thera ore three half rings of stronger chaetae on each side near 
the anterior end of the body. The mouth is overhung by a very 

1 Vejdovsky, Denk. Akad. Wien , xliii. 1882, part 2, p. 38 ; aiid Rietsuh, Ann. 
Zei. Nat. (Zool.) ser. 6, xiii. 1882, art 5. 
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small rounded knob (prostomiuin), which in 8. spinout Sluiter, 
is prolonged outwards on each side to form a grooved palp- 
like organ, recalling that of Bonellia. The anus is placed ' 
posteriorly; and in front of it, on the dorsal surface, are two 
bundles of many long thread-like gills. On the ventro-laterul 
surface, in front of the middle of the body, is a pair of finger- 
shaped processes containing the genital ducts. The anterior 
segments of the body can be withdrawn into the body, as in the 
Chlorhacmidne . Further examination leads to the conclusion 

that the body of 8ternmpis consists of about thirty segments, 
most of them provided with paired bundles of capillary (neuro- 
podial?) chaetae, distributed as follows: — Each of the segments 
2, 3, 4 has a half ring of strong chaetae on each side ; segments 
5 to 7 are without chaetae; segments 8 to 14 have chaetae em- 
bedded in the body- wall, but not projecting. The shields cover ' 
the remaining segments ; ami along the outer edge of each amsomc 
ten bundles of chaetae, and along the hinder edge some five or six 
bundles, representing as many segments. Thus the worm consists 
of about thirty segments whose outlines are nearly obliterated 
'(as in the Ch fork ar.m idue), and whose chaetae, except those which 
are specially developed, are disappearing: while posteriorly a 
great shortening of the body brings the bundles close together. 
A continuation of this process, involving a further disappearance 
of chaetae, leads readily to the. condition met with in Echiurns, 
one of the cliaetigerous Gephyrea. Internally, further evidence 
of the relation between Stcnias2ri& and the Chlorhaemids with 
the Gephyrea is afforded by the ahseuco of septa, by the coiled 
alimentary canal, and hv the presence of a single pair of 
liephridift, which in the latter group act both as excretory 
organs and as genital ducts. 

BRANCH B. CliYPTOCEPHALA. 

Sub-Order 1, Sabelliformia. 1 

Fam. 1. Subclliilnc. — The branchial crown consists of a 
usually considerable number of filaments arising from a semi- 
circular base. The peristoinium may be refiexed to form a collar, 

1 For anatomy see Meyer, Alt. Zool . Stai . Neapcl, vii. 1887. 
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which is frequently notched, so that a lateral and a ventral lolje 
on each side may be ^distinguished (Fig. 13,3, B, p. 201). The 
thorax consists of nine segments, and is provided with ventral 
“ gland shields,” which are continued along the abdomen, where 
they are subdivided into two by a ciliated “ faecal groove,” which 
sometimes bends to one side on reaching the thorax, and may 
extend forwards along the dorsal surface to the head : this groove 
serves to carry the faeces out of the tube. The gill filaments 
are always provided with secondary processes, and may be pro- 
vided with compound eyes. 1 The tubes of the Subellidue are 
always of fine mud or of sand. k 

Sabella pavonia Sav. is ubout 10 to 12 inches long and 
about £ inch across; thetulxi of 'fine mud is considerably longer 
and embedded deeply in the mud, with its free end projecting to 
some 2 or more inches, where it serves for the attachment of 
seaweed, Polyzoa, Hydrozoa, etc. The colour of the animal is 
orange-brown; the gills, which are alxnit 1-^ inches long, are 
green (due to contained blood) marked with more or less extensive 


brown or purple-brown spots, winch may even hide the green 
tint. There is a pair of dark filaments arising between the 
•dorsalmost gill filaments, 
which have been errone- 
ously regarded as “ pro- 
stomial tentacles ” ; they 
are, in fact, prolongations 
of a peculiar membrane or 
lip round the base of the 
gills, which bounds a groove 
leading to the mouth. 

These lip - processes (Fig. 

133, B, l ) occur in other' 

Sabellids. Atlantic, North 
Sea, and Mediterranean. 

JBranchiomma vesicu- A 0 

losum Mont, forms a sandy Fra- 182. — A, A gill filament of Bmnchitmma ; 
tab. W Me-n^k. *" 

The animal, measuring 6-7 

indies, is, rich brown, darker anteriorly, abundantly speckled with 
white ; the ventral snriigee is pink ; the gills are green or olive- 
1 Andrews, Journ. Morph, v. 1891, p. 371. 

you n v* z 
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brown, marked with wliite bunds in -a fairly regular fashion. 
Each gill filament has, just below its tip, a compound eye, con- 
sisting of several lenses and retinae. North Sea and Medi- 
terranean. 

Dasychone bomhyx DalyL is a short, comparatively stout worm 
usually 1 to inches long ; reddish-brown in colour, with a 
darker spot on each side of every segment. The gills am lighter 
with greenish marks. This worm may readily be recognised, for 
each of the gill filaments curries some six to ten pairs of dark 
compound eyes at intervals along its length, and near to each pair 
there arise two short processes from the outer side of the fila- 
ment,. which sire known as " dorsal appendices.” The worm 
forms a tube of mud, more or less mixed with sand. It occurs 
at low water smd to some depth round the coasts of the 
Atlsintic, North Sea, and Mediterranean. 

Chone inf undthuJifurniix Krbyer limy be recognised by the 
absence of lobes on the collar, the presence of a membrane con- 
necting the gill filaments, and the passage of tlu; faecal groove 
along the dorsal surface of the thorax. The worm is G inches 
long, with purple gills, spotted with yellowish-white. The tube 
is formed of yellowish membrane covered witli sand, and is 
fixed to Htones and other objects. Potamilla reniformix Miill. 
is about 3 inches long, with about twelve brown gill fila- 
ments, some of which have eyes near tile base. The tube 
is transparent and horny, with sometimes a slight covering of 
sand. Found in old oyster shells. North Sea, Atlantic, Medi- 
terranean. 

The genus Spirograph, ix contains one of the largest .European 
Sabellids, $. spall anzanii Viv., which occurs off the Channel 
Islands and in the Mediterranean. The two gill plumes are 
unequal ; the large rone forms an upright, spirally -coiled 
column. 

Fam. 2. Eriographidar. — Myxicola inf undibulum Mont. -has its 
gill filaments connected by a membrane reaching nearly to their 
tips. Each gill plume forms a semicircle ; there are no eyes ; the 
peristomium does not form a collar ; no gland shields. The worm 
requires neither of these structures, since it is practically a free- 
swimmer, envelopes itself in mucus, and moves tail first. The 
faecal groove is not well marked, though continued dorsally. Iu 
the ubdomen the tori uncinigeri extend dorsally and ventrally 
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(beyond the neuropodial ehaetae) and nearly encircle the body. 
The animal is 4 or 5 inches long, (lull green, with purplish gills. 
Between tide-marks. North Sea and Mediterranean. 

Amphiglena meditcrranea Leyd. ia only about £ inch long, 
hermaphrodite, and haa eyes on the pcristomium and on the unal 
segment. It is a very elegant little, worm, and as a living object 
under the microscope, with the cilia on the gills, ia very beautiful. 
The gills consist of six filaments on each side, provided witli the 
usual double row of ciliated processes. 

Fam. 3. A /// pk icorinidae. — Small hermaphrodite Saltcllids in 
which each gill tuft contains only a few branching filaments. 
The simplest form is Haplobranch us atstuarinus Bourne, 1 which 
occurs in the rather foul mud at low tide in the. estuaries of the 
Thames, the Liffey, and other rivers. The animal is about £ 
inch long, with four finger-shaped processes on each side?, and u 
pair of larger, vascular processes on the veiitrul surface. These 
live branches are gills (palps), although, owing to the small size of 
the worm and simple vascular system, tins four lateral filaments 
have no blood-vessels. The animal consists of only eleven 
chaetigerous segments, and lives in a tube made of mud particles. 2 
Fnbricia sitbelln Ehrenb. (Amjriiicom fabricia Mull.) has three 
gills on each side, each with a number of secondary branches of 
different sizes, but so arranged as all to reach the same level. It 
Inis eyes in its tail and swims backwards. 

Fam. 4. Svrpulidae. — The thorax is provided with an un- 
dulated membrane on each side, chiefly employed in smoothing 
the inside of the tube; it represents the dorsal and veiitrul 
cirri of these segments. The gland shields are confined to the 
thoracic segments. In many genera the dorsalmost gill fila- 
ment on one or both sides is terminally dilated and serves as an 
operculum. The tube is calcareous, and attached to rocks, shells, 
etc., for a greater or smaller part of its ex Unit. 

fferpula vermicularis L. forms a pinkish tapering tube about 
3 inches long ; the narrower fixed end is coiled. It is marked 
at irregular intervals with encircling ridges, indicating cessation 

1 A. G. Bourne, Quart . J. J tier. Sci . xxiii. 1883, p. 168. 

3 Closely allied is Ma'tmywnkia Leidy, which occurs in fresh-water lakes of 
America. Another fresh-water genus is Coabangia Giard, which perhaps deserves 
the creation of a special family. The anus is ventral and anterior. The ehaetae are 
peculiarly arranged, doraal uncini being present only on four segments. The first 
body segment carries a ventral bundle of five great 14 palmate ” ehaetae. 
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in formation, and has a circular aperture. The worm itself is 
about lj inches long. The horny operculum is conical, with 

its base upwards, fringed 
with short processes. 20 
fathoms in the North 
Sea and Mediterranean ; 
also from 275 fathoms 
off the west coast of- 
Ireland. 

Pomatoccras triqvrter 
L — The white shell is 
adherent, with a distinct 
keel along its upper 
surface; the aperture is 
overhung by a spine. 
The tubes are abundant 
everywhere, attached to 
rocks, stones, shells, etc., 
between tide-marks and 
down to 1 8 fathoms. 
The animal is very 
handsome, the? thorax 
being deep blue, tin*, 
abdomen red in the 
female, whitish in Hits 
ripe male. The branchiae 
arc barred and spotted 
with blue, orange, and 
white ; the operculum 
is calcareous, and fur- 
nished witli a couple of horn-like processes. 

Filigrana imjtlexa Berkeley is a small worm, but the slender 
white tubes intertwine and adhere together in masses 3 or 4 
inches high, occurring at low tide and down to 18 fathoms in 
the North Sea and Mediterranean. The animal lius only $ight 
gill filaments on each side, one of which on each aiders slightly 
expanded to serve as an operculum. TJie worm multiplies by 
transverse division. 

Spirorbis borealis Daudin is a still smaller worm, the tube of- 
which is coiled in a fiat spiral about ^ to £ inch across f it is 



Fin. 183. — A group of tubes of Serjmla rrrmintfar 's L. , 
from the mouths of two of which the animal 
protruding, that on the right being seei from 
ubove. bi\ The gill plume ; m, thoracic nieml 
op, operculum : op 1 , corresponding gill filr nent 
of the opposite side ; /, tube. (From Cu ’ier'n 
Rtync Animal.) Nat. size. 
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common, adhering to Fucus, shells, 
seuted by fossils in the Palaeozoic 
rocks. Cosmopolitan. 

Protula (Psygmobranchns) 
tubularia Mont, is a Serpulid 
without an operculum ; it forms 
a straight or slightly and irregu- 
larly, curved tulje. Atlantic and 
Mediterranean. Sahtuuina th/s- 
tcn Huxley has no operculum ; 
it is a small worm incrusting 
seaweeds, or forming masses like 
Filigruna. 

Sub-Order 2. Hermelliformia. 

The single family HermelHdur 
is represented by two species — 
(kibcUaria almrfaUi L, which is 
littoral, and 8. yrinulom Leuck., 
occurring in 10 to 30 fathoms. 

8. alreohta 1 is about an inch 
long; the thorax is purple, the 
abdomen yellow to red. The 
narrow caudal region is bent 
sharply forwards, so that the 
anus, situated at its tip, comes to 
lie at the orifice of the tube, 
which is irregular and sandy. 


and other objects. It is repre- 



Fic. 1 84. — Spirorhis. A, the shell, en- 
larged. B, the aniimil, x 50. c, 
J’erixtoniial collar ; r, eggs in the brood 
| >on oh at the end of the o}iemiliiiii ; 
//. gills ; in, thoraeiu liiunil nauc (char- 
acteristic of Herpuliilnc) ; n, the single 
pair of thoracic m* pi i rid in opening lty 
a median dorsal jxire beneath the 
collar (common to all Halielliformia) ; 
o, ova in the uiiterior alNlomiual seg- 
ments ; op % opereulum ; a, sperma- 
tozoa in the hinder abdominal seg- 
ments ; at, stomach. (From Clapa- 
ri'de.) 


Great numbers of the animals live together, so that the masses 
of their tubes may l>e 2 or 3 feet thick and several feet long. 
They -aits well seen on the shore, at Paignton, near Torquay, and 
on Hilbre, . Island, off the Cheshire coast. North Sea, Atlantic, 


'Mediterranean. 


Order HI. , Myxostomaria. 2 

These animals are parasitic on Crinoids or Asteroids. 8 The 

1 For the anatomy see Meyer, Ml. Slot. Ntaptl , vii. 1887 ; see also above, p. 806. 
1 von Graff, “Myzostomida,” H Challenger " Reports, part 27, vol. x. 1884 ; and 
V Supplement," part 61, vol. xx. 1887. ... 

. J Marenzeller, Anz. Aland, Witn } xxxii. p.192. 
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single family, Myzostomatidue, contains but two genera, Afyzostnma 

F. S. Lkt. ami Stelechojms 
v. Or. 

Some of them move, 
more or less actively, on 
the surfaces of their hosts, 
others live in a sessile 
condition between the 

joints of the arms or pin- 
nules, causing a greater 
or less malformation 
thereof, sometimes leading 
to the. formation of a more 
or less globular cyst like a 
plant -gall, due to over- 

growths of the joint, as in 
AL deformator v. Gr. and 

rid. 185 . — Myznstoma yb thrum Lkt.., on tlio ilww M. cysticola V. Gr.: while 
of A ft Ini tm nwtrett. Tin- hermaphrodite in- 3r » • « • t i 

. dividual (?) Huh over the mouth of the Antetfnu , pVM’MifW' t. ( il’. IS CIKlO- 

unil eaiTies <»n its lmek at the uuterior end a parasitic ill tile intestine, 

young one [&) with only male organa fully . 

developed. ujt, The anal papilla of Antnlnn. X 4. 1 WO KpCClCS Oecill* 011 0111' 

common Antalon ( Coma - 
tula) rosacea ; one., Af. cirriferum Lkt., creeps about the. oral surface, 
especially along the food grooves of the disc and arms ; the other, 
At. glabrum Lkt., lives close to the mouth of the Crinoid, so that 
its pharynx can he inserted into the oesophagus of the host ; this 
species rarely moves from this position, and carries a young one 
on its hack. 

The Myzostomaria are circular or oval, more or less markedly 
convex dorsally, Hat ventrally ; Stcfechnjms, however, which lives 
on Jfyoerimi s, is elongated. The margin of the body is provided 
with ten or more pairs of cirri, short (i/1 glahrmn) or long (i/1 
cirriferum ), and the general appearance of the aiiinuil is greatly 
changed in some species by the great elongation of the hinder 
cirri, into which the viscera may extend (Af. Jilicauda v. Gr.). 
On the ventral surface nit 1 , live pairs of small conical “ parapodia,” 
arranged, like the internal organs, iu a radiate manner. Each 
parapodium carries a couple of cliaetae ; one a hook, the other 
serving as a "guide” for this hook. The four "suckers” on 
each side are either glandular or sensory organs ; and Wheeler 
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considers them homologous with the lateral organs of Capitellids ; 
they are usually little developed in those species which live 
inside cysts. The mouth and anus arc usually ventral ; but in 
M. glahrum the anus is dorsal, and in a few species both aper- 
tures are carried on to the back by the great development of the 



Fn;. 186. — M yznstnMft cirrife.ru m. f After Lang ami v. Graff.) The organs arc supposed 
to 1 m seen hy transparency. On the right side the more dorsal organs are shown, 
and on the left, those lying more veutrally. a, Anus : r, ten i«iirs of marginal cirri ; 
/> to f\ the five pira^toilia of the left side, each with two chavtou ; i, the brunches 
of the intestine on the rigl t side ; vh, mouth ; o, the opening of the oviduct [ml) into 
the rectum ; oi\ the uteru or coelom, filled with eggs, occupying the spaces tetween 
the lobes of the intent! . p, the pharynx (acrecliolic introvert) lying in the 
pharyngeal sac ; r, rectui a, the four 11 suckers " of the left side ; these, like the 
parapodio, really lie on the ventral surface ; at, stomach ; t, the branching testis ; 
6, the pore of the sperm-duct. 

veutral surface. The alimentary canal is provided with a pro- 
trusible pharynx ; the intestine is branched ; amongst its branches 
is the coelom, packed witli eggs, and functioning as a uterus 
(usually culled “ovary”). The true ovary is a small mass of 
cells on each side, ' a proliferation of the coelomic .epithelium 
covering the intestinal walk A median continuation of the 
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uterus passes backwards above the rectum, and opens either into 
it or by an independent pore dorsal to the anus. The “ lateral 
oviducts ” of Nansen are nephridia with ciliated funnels opening 
into the coelom (uterus), and with pores leading into the cloaca 
on its ventral surface ; or, in M. belli Wheeler, opening to the 
exterior. The two testes are branched, and each sperm -duct 
opens laterally on a papilla, just outside the third parapodium of 
each side. Wheeler 1 has recently shown that in the young 
Myzostoma, the spermatozoa ripen before the ova, so that it is 
functionally a male ; before the spermatozoa are all discharged 
the ova mature, and the animal is for a time hermaphrodite ; 
later on, however, when all the spermatozoa are used up, the 
worm is a female. Beard’s “ dwarf males ” are therefore merely 
the young of hermaphrodite forms. In cysticolous species each 
cyst usually contains a large female individual und a small 
male. In these cases the young one (male) discharges all its 
spermatozoa before the ova ripen, ho that a period of immaturity 
intervenes and a true hermaphrodite condition is omitted ; the 
animal is at first male, and later female. The Myzostomaria 
are thus “ protundric hermaphrodites.” ^ 

The affinity of these animals has l>een much discussed ; they 
superficially resemble the Turdigrada in many anatomical features, 
and differ greatly from Cliuetopoda, but as they possess the 
characteristic chaetae or purapodia, and pass through a larval 
stage 2 similar to that of the Polychoctes, there is no doubt that 
they are closely allied to the group, and indeed may be regarded 
as degenerate Chaetopods. It has been suggested that they form 
a passage group between them and the Tardigrada ; and^von 
Graff forms a group Stelechopodu, to include the Myzostomaria, 
the Tardigrada, and the Linguatulidu. \ 

1 ML Zoot . Stat. Neapcl , xii 1896, p. 227 ; where, too, see literature. 

2 Beard, ML ZwL St. Neap. v. 1884, p. 544. 
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CHAPTER XIII 

0LK10CIIAETA (KAKTIIWOKMM AND TIIK1U ALL: 

INTRODUCTION ANATOMY REPRODUCTION BIONOMICS DISTRI- 
BUTION CLASSIFICATION MIC ROD KILT AND M KOADK1LI 

The Oligocliaeta form a well-marked branch of that exceedingly 
large assortment of animals vaguely spoken of as worms, and 
embracing a number of types many of which, have no near 
relationship to each other. From this great and unnatural 
group, which has survived as "Vermes” even in some quite 
modern text-books, we can separate off those forms which show 
a plain segmentation or division of the body internally as well 
as externally into a series of more or less similar rings, as 
a Class Chaetopoda. This Class, consisting of the Orders 
mentioned on p. 241, includes the worms which form the 
subject of the present chapter — the Oligocliaeta, as they were 
originally called by Grube, on account of the fewness of their 
chactae as compared with the number possessed by the majority 
of the Polychaeta. 

Our knowledge of this group,, as of so many others, dates from 
Aristotle, who called the earthworms the “ intestines of the earth.” 
But it is only very recently that the numerous and remark- 
able genera of exotic eartlr worms lmvc been anatomically 
investigated ; indeed the common British species was not 
really well known before the publication of the memoirs of 1 
Lankester 1 and Claparfcde 2 in 1864 and 1868, in spite of the 
elaborate quarto devoted to it by Moreen, 3 the botanist, in 1826. 

1 Quart . J. Micr. Sri. (n.s.) vol. iv. 1864, p. 258 ; and v. pp. 7, 00. 

* Zeitachr. wits. Zool. xix. 1860, p. 568. 

• Da Lumbriei ierrestris Hiatoria naturali , Brussels, 1820. 
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■Some of the aquatic species afforded material to Bonnet and 
Spallanzani for their experiments upon the powers of regenera- 
tion of the animals when cut into fragments, while the work 
of 0. F. Muller 1 upon various Naids is a monument of careful 
anatomical description. Our knowledge of the aquatic Oligo- 
chaeta does not appear to have advanced so" rapidly as has that 
of the earthworms. 

External Characters.- — The m ojfc salient external characteristic 
of this group of worms, which vary from 1 mm. to 2 metres in 
length, is of course the segmentation. The entire body is 
divided into a number of rings, which are for the most part 
similar to each other ; a fragment of an earthworm’s body could 
not be accurately replaced unless It had been cut from the 
anterior region. There is precisely the same regular segmenta- 
tion in the aquatic representatives of the Order. At the anterior 
end of the body in the common earthworm (and in nearly all 
Oligochaeta) is a small unpaired lobe, which overhangs the 
mouth, und is usually termed the prostomium ; the mouth itself 
is surrounded by the first segment of the body, which never bears 
any chaetae in any Oligocliaete. The prostomium is occasionally 
greatly developed, and in such cases doubtless forms a tactile 
organ of importance. This is especially the case with the South 
American genus Rhinodrihis , where the lengthy prostomium cair 
be retracted at will. The. aquatic Nais lacustris ( = Stylaria jvro - 
bomdm ) has also an exceedingly long prostomium, which cannot, 
however, be retracted, though it is contractile. At a certain dis- 
tance from the anterior end of the body, fixed for the species, but 
varying greatly from genus to genus and from species to species, 
is the clitellum. This region of the body (popularly believed to 
mark the spot where a worm divided by the gardener’s spade has 
come together again) is associated with the reproductive function, 
and serves to secrete the cocoon in which the creature’s eggs are 
deposited. It lias in the earthworm a thick glandular appear- 
ance. A more minute examination of the worm’s body will show 
1 the orifices of the reproductive ducts and of the excretory organs 
which will be found described below. In addition to these, 

, all British earthworms and a large percentage of the tropical 
forms have a row of pores along the back, which are between the .. 
successive segments in the median line. These “ dorsal pores ” 

. 1 Naturg . tin, Wurm-Artcn d, sUsstn u. talzigtn Wmmr, t Copenhagen, .1771. . 
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oj)en directly into the body-cavity, and are mere perforations of the 
body- wall, not tubes lined by a special layer of cells. Professor 
Spencer of Melbourne 1 lias observed a giant earthworm (. Megasco - 
l i tins australis) of Gippsland which, when held in the hand, spurts 
out, to a height of several inches, the fluid of the body-cavity 
through its dorsal pores. The burrows, he remarks, are coated 
over with the same fluid, which is regarded by him as a lubricant. 
This, however, considering thaJkthe glandular cells of the epidermis 
can secrete a mucous fluid, seems to !>e an expensive use to which 
to put the important fluids of the interior of the body. It is 
more probuble that the dorsal pores are a' means of getting rid of 
waste products. Lim Boon Keng 2 suggests tliut the coclomic 
fluid possesses a bactericidal function. The derail pores aim 
missing in many earthworms, and without exception in those 
Oligocliaeta which live in water : but these latter worms have a 
pore upon the head, which appears to be wanting in the earth- 
worms. Dr. Michaclsen has thought that the head-pore serves 
to relieve, the brain from undue watery pressure — to act, in fact, 
as a kind of safety-valve for the liberation of superfluous fluid. 

In some foreign worms the pores of the reproductive ducts 
aim conspicuous external features (Fig. 197); even in our 
British species the turgescent male apertures upon the fifteenth 
segment aim sometimes quite obvious. 

Structure of the Body-Wall. — The body-wall consists in all 
Oligocliaeta of three recognisable sheets of tissue. Outside is> 
the epidermis, which always consists of a single layer of cells,, 
except in the clitellur region of earthworms. It is a point 
of difference between the aquatic genera and the terrestrial 
forms that in the former the clitellum is only one cell thick, 
while in the higher Oligochaeta it is made up of more than one 
layer of cells. - The epidermis is ciliated only in the genus 
Aeolosoma , and there only on the prostomium. It secretes? a 
thin layer of cliitin, which is defective opposite to the glandular 
cells, and becomes therefore perforated by numerous pores. 
The structure *of the epidermis of Luwibricus has been studied 
\xy Cerfontaine, whose recent account 8 of the same is the fullest . 
and most accurate that exists. 

Underneath the epidermis comes a layerof circularmuscle-fibres, 

1 Trans. Hoff. Soc. Victoria , vol. i. 1888, p. 1. 

.. * Phil. Trans, clxxxvi. 1895, A, p. 883. . 1 M£m. cour. Ac. Belg. lii. 1890-99*:. 
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and underneath this again a layer of longitudinal muscles. In 
both layers the fibres have a softer co re, outside which lies the 
radially striated muscular substance. The fibres are embedded 
in a granular matrix. It used to be considered at one time 
that such medullated fibres were distinctive of leeches as opposed 
to Oligochaeta. Their existence has been really known in the 
Oligochaeta since the researches of Itatzel ; blit Cerfontaine lias 
fully described them, and emphasi^d the fact that the fibres of 
both circular and longitudinal coats are alike in this respect. 

Ohaetae. — The passive organs of locomotion in these animals 
are the cl laetae, which are absent in only one family, Discodrilidae, 
and in one other genus, Anachada. In this latter worm the 
chaetac are represented by large glandular cells, which seem to 

Vui. 187. — Ghactao of 
Oligochauta. x 10. 
(After Mii’lmcl.seu, 
Stole, fuiil Vejilovsky). 
1, 2, Penial rinuitao of 
Arnufhotlrihix tjvnr- 
tfitnu/s; ;j, Spirit' 
Nprria tr ; -J. Jli/o- 

i/ri/iiM ; ft, Jjiip'lni' 
rhaeta ; (J, Tuhi/ej- ; 
7, 8, Xaix ; S», /in/t i'- 
ll) if In. Figs. 15-9 are 
onliuury elioetne. 

correspond to the cells from which the elioetne arise in other 
forms. They are in this case, as in the others, cells of the 
epidermis. The cliactae of the Oligochaeta are not quite so 
variable in form as in the murine Polycliaota (see Fig. in 8, p. 
267). Figs. 187 and 188 illustrate some of the principal 
shapes which those bristles assume. The most prevalent form" 
is an elongated S, which has been aptly compared to the 
mathematical sign J. This kind of clnieta is found in all 
earthworms, and in not a few aquatic genera such os the Lum- 
briculidne. In some of the latter and in the Tubificidae and 
Naids there is the same form of chaeta, which is cleft at the 
free end, and possibly enables the worm to grasp the leaves of 
aquatic plants, and otherwise facilitates progression in a War 
medium than the stiff soil frequented by the earthworms. Even 
earthworms, at any rate the genus Pontoscolex, have nhaetae of 
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this kind ; some of the aquatic Oligochaeta Jiave elongated and 
hair-like bristles, such as that of Tuhifex. In the Tubiiicid 
Luphochaeta (Fig. 187, 5) the chaetuc are ornamented on lioth 
sides with delicate processes, which give them the appearance of 
Crustacean hairs. Among earthworms the simple S-like form 
is sometimes complicated by the development of sinuous ridges 
upon the distal end. No doubt these bristles enable their 
possessor to get a firmer grip of adjacent objects ; they are 
very commonly found, in tne family Ceoscolicidae, upon the 
segments of the clitelhim, and permit of a firmer union during 
sexual congress. in no Oligochaeta are the chaetae borne 
upon parapodia, as is the case with the Polychaeta; but in 





Fits. 188. — Ch im* trie, 
x 10 . 1 , Ouy- 

clmcluteUt ; J2 t /*«//- 
ttuu'olej: ; 3, 7W- 

cJuH'hadtt ; 3A, tlie 
Hiii tie, more highly 
imigiiitiiMl. 


many of the aquatic forms there are a considerable number 
to each bundle. In earthworms the number of chaetae 
varies greatly. The common earthworms of this country, belong- 
ing to the genera Lnmbriims, AHolobophora , and Albums, have 
only eight chaetae upon each segment of the body, and these 
are then, as a rule, arranged in pairs or rather couples, two of 
each on each side of the body. The genus Perichaeta and some 
of its allies have a much larger number of chaetae to each 
segment, disposed in a continuous row round the middle of the 
segment. The intermediate condition is to be seen in the genus 
Deinodrilus, where there are twelve in each segment, and in 
certain members of the genus Megascolex , where there are eight 
in each segment in the anterior region of the body, the number 
increasing in the posterior segments. The four bundles of. 
chaetae in the "Naids and Tubificids have been likened to the 
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notopodiu and neuropodia of tlie Polychaetes ; but it does not 
seem certain that this comparison is justifiable. It was at one 
time thought that the continuous circle of chaetae of the Peri- 
chueticlae was the primitive condition ; but Professor Bourne has 
lately found that in Perichaeta the young embryos have not got 
this continuous circle ; it is only acquired later. 

r Branchiae. — Tlie Oligochaeta were called by Cuvier the 
“ Annelides abranclies setigeres.” But the epithet “ abranches ” 
is now known to be inaccurate. iFn fact it really was so when 
Cuvier wrote ; for naturalists were at that time well acquainted, 
chiefly through tlie elaborate work of 0. F. Muller, with the 
little fresh-water Naiil Bern, the posterior extremity of which is 
provided witli a varying numlier of branchial processes. These 
are furnished with looped blood-vessels and are covered exter- 
nally by cilia, so that the water containing oxygen is constantly 
renovated. The second instance of a gilled Oligoehaete was 
discovered iu the very same family. Professor Bourne 1 of Madras 
found in “ tanks ” a Naid which he named Cl \aetobram:hns, in 
which the head segments, to the numl>er of fifty or so, are 
provided with long ciliated processes, which as a rule enclose 
the dorsal chaetae of their segments, and in addition a capillary 
loop. Curiously enough, tin's very same worm made its ap]>eur- 
ance in the Victoria regia tank at the Botanical Gardens in the* 
Regents Park, wliitlier it had iu all prolmbility been accidentally 
imported. Two members of the family Tubificidae were the, next 
examples of gilled Oligucbiieta made known to science ; one 
of these, Branc.hiura sowerbji * appeared also in the Botanical 
Gardens, so that its native home is unknown. It differs * 
from CkactobranvJius in that the gills are at the posterior 
end of the body, and are contractile ; during the life of the 
worm they are in continual motion. A species of the South- 
American genus HeaperodrU us, s H. Iwcinchiatus, is also gilled, 
and, so far us can be made out from a spirit-preserved specimen, 
the gills are precisely of the same pattern and contractility as . 
those of its ally Jtranchinra . Possibly Branchiura ought to 

be included iu the same genus with Hesperodrilus. A worm 
which was originally described by Grube as Alma nilotica f 
should really have been .placed before the three last-mentioned • 

1 Quart. J. After. Set. xxxi. 1890, p. 83. 9 Bedd&rd, Ibid, jxxiii. 1892, p. 325. 

* Beddtsrd, A tin. Mag . Ned. Hist. (6) xiii. 1894, p. 205. 
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instances ; but as this worm was only known from a fragment, 

and as the description was not by 

any means full, it was not thoroughly 

believed in; it was surmised that it Jff Ss 

might be a member of some marine aubr — %^v3l 

genus, perhaps of the Capitellidae. 

Oddly enough, the Siime worm was 
independently described by a 
different name, IHgitihranrha* 
nil otic us , a few years later by ^ 

Jievinson. Quite recently Michael- i '' *" v||||l 

sen has found by a reference to fKMrjPjiufc, fiSI 

the. original types that this worm 

is regally gilled, and that it is speci- 'Wstm*. ^ 

lically identical with a worm which 

had been given a totally different 

name, viz. >S 'ijihnuoyastcr. The fact 

that the gills of the latter had 

been overlooked was readily ex- 

plained by the. circumstance that 

they an? retractile, and not merely 

contractile. Hut all the species of ’ T 

the. genus A iphanot faster, or AIimi, 

as it ought reallv, following the 

° . w nil *!«• 18®- — TruiisviT.se section tlirou^li 

rules ot priority, to be called, have Bnimhiura xmirrhyi. *jo. <U>r. 
not got gills, as is the case too 1)orsi11 '• mU'Miin« ; n t 

with the genus Ifcspcrmlrilus . The 

gills of Alma are branched, and there is therefore no longer any 
justification whatever for defining the Oligoehaeta as a group of 
Aimed ids without gills. The simple gill-like processes of V hitch * - 
branch vs might have been held to be not accurately compar- 
able to the more complex structures which we find in tin? marine 


worms. 

Nervous System. — The central nervous system of the, 
Oligoehaeta is very uniform in its structure in the entire group. 
The only family which is at all anomalous is that of the 
Aphaneura. In Acohmma there appears to be only a pair of 
cerebral ganglia, which retain the primitive position of these 
organs in being still in direct connexion with the epidermis. 
In all other Oligoehaeta there are a pair of cerebral ganglia, 
VOL. II 2 a 
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connected by a circumoesophageal commissure with a ventral 
ganglionated cord. From the cerebral ganglia arises a system 
of nerve-fibres and nerve-cells, which represents the stomato- 
gastric nerves of other Invertebrates. 

Senses and Sense-Organs. — The only organs that can be 
regarded with anything like probability as sense-organs are the 
pigmented eyes of certain Naids and the tactile cells of many 
worms. The latter are usually elongated cells provided at their 
free extremity with a stiff process; they occur associated in 
groups, and often these bundles of cells have a segmental arrange- 
ment. The head end of many of the lower Oligocliaeta, for 
instance the genus Aeoloaonm, has delicate processes projecting 
here and there ; these uppear to be also of a tactile nature, and 
are of course connected with cells of the epidermis. The eyes of 
certain Naids are little more than lenticular bodies embedded 
in a mass of pigment. In the genus Eudnlus and in many 
Eudrilidiie are peculiar integumental bodies, which wore in- 
dependently discovered by J)r. Horst 1 and myself, and com- 
pared by us to the Pacinian bpdics of Mammals. Whether, 
these structures are connected with nerves or # not is doubtful. 
In spite of the poor development and the simplicity of then- 
sense organs, the higher Oligocliaeta at any rate can feel, and 
can distinguish light from darkness. Darwin 3 came to the 
conclusion that “light affects worms by its intensity and its 
duration / 1 And furthermore, it is only the anterior end of the 
body which is thus affected. Of the sense of hearing these 
animals appear to be utterly devoid. Some kept by Darwin 
“took not the least notice of the shrill notes from a metal 
whistle, which was repeatedly sounded near them ; nor did they 
of the deepest and loudest tones of a bassoon.” But it is always 
necessary to discriminate between sound and vibrations passing 
through any solid body, which would appeal rather to a sense of 
touch. Here worms are most sensitive. It is quite easy, by 
digging with some vigour, to arouse the worms in the neighbour- 
hood, who will crawl to the surface and uway from the scene of 
action ; a proceeding on their part which is sometimes put down 
to a desire to escape from their enemy the mole. 

Smell appears to be another sense which is somewhat deficient. 


1 Altai. Sue. Zool . France , iii. 1890, p. 223. 

2 regctablc Mould and Earthworms, London, 1881. 
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But worms are epicures, and exhibit a decided taste and preference 
for certain articles of diet. Like their fellow tiller of the soil, 
the agricultural labourer, worms have a keen relish for onions, 
which, however, they must recognise by 
the smell. They prefer green cabluige 
to ml, celery to both, and raw incut 
appears to be the greatest delicacy that 
can be offered to them. It is only suh- 
stunces they are not likely to meet 
with, such us perfumes, tobacco, fc and 
paraffin, that produce no impression 
upon the worm’s sense of smell 

Coelom and Vascular System. — 

When an earthworm is dissected the 
various organs arc seen to lie in a ix 
fairly spacious cavity, which is inter- 
rupted and divided into a series of 
chambers by the mesenteries or septa *i 
which stretch across from wall to wall 
of the body, and correspond roughly in 
their position to* the grooves which Xlll 
separate the body externally. This 
cavity, common to all the higher 
animals, is known as the coelom ; it is xv 
lined by cells, which cover the intes- 
tines as well as the inside of the body- 
wall ; and upon the intestine assume the xvii 
form so characteristic of the group, , 
namely, that of large yellow cells loaded ' 
with secreted matters, and called “ chloru- Fiu. ldO.SjmrgunnphUvs tame- 
gogen-cells ” by Claparede. The coelom 

conynunicates with the exterior by moments. i, 4, 6, Perivw- 
menus of the dorsal, pores, the nephridia, £*£?££? 

and the ducts of the reproductive organs. 5, Bpermatheua ; 8, sperm 
As in all animals which possess a coelom, ^ 
the reproductive tissues, ova and sperm, 12» integumentary veBaelts. 
are developed on its walls. 

The vascular system of the Oligochaeta forms a system of 
perfectly closed vessels, which ramify into fine capillary networks 
in the body-wall, in the coats of the alimentary canal, and upon 
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the other organs of the body. The main trunks are a dorsal 
and a ventral longitudinal, which communicate directly in the 
anterior end of the body by large transverse contractile trunks, 
the so-called hearts (see Fig. 1!K), 6). The dorsal vessel is also 
contractile, but not the ventral, or, when it occurs, the sub- 
nervian. The vascular system has many degrees of complexity 
in different families ; it is simpler in the smaller aquatic forms. 
The blood is usually red, and the pigment which is suspended in 
the plusma is haemoglobin. The blood is corpusculated. 

Excretory Organs. — There appears to be a great deal more 
variation in the structure of the excretory system than there is 
in many other groups. For a long time only Lamhricus and a 
few of tfie aquatic genera were known as regards their excretory 
systems. In these there is a pair of excretory organs or 
uephridia in nearly all the segments. These are much coiled 
tubes, in which it is always possible to recognise three divisions. 
The nephridium commences with an orilice. of a funnel-like 
character, fringed with long cilia, and opening into the body- 
cavity ; from this springs a tube, which immediately perforates 
the septum lying between the segment which contains the 
funnel and the following one; this tube bus the peculiarity 
first pointed out by Claparcde of being excavated in the sub- 
stance of cells ; the glandular part of the nephridium * is a row 
of cells which are bored through by a continuous canal, the 
walls of which are here and there furnished with cilia. It 
often hap]Hms that the main canal gives off minute lateral rami- 
fications, which may even form a kind of network round the 
principal canal. The terminal section of the nephridium is a 
muscular sac which opens on to the exterior by a pore, and from 
which the products of excretion are from time to time evacuated 
by contractions of its walls. This is a brief statement of the 
main facts in the structure of those Oligoehaeta in which there 
is a single pair of uephridia to each segment of the body; small 
differences of more or less importance occur. In Chac.toya.ster, for 
example, there is no trace of a funnel; in some genera the 
terminal sac is much reduced or unusually extended, being even 
sometimes provided with a caecum of moderate dimensions. In 
Acanthodrilus novac-zcJandiae and a few other species the point 
of opening of the uephridia varies from segment to segment, 
though it always bears some relation to the chaetae. In these 
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species the nephridia which open more dorsally are a little 
different in structure from those which open more ventrally. 
One set have a caecum, and the other have not. 

The nephridin of the terrestrial forms arc enveloped by a richly 
developed network of blood 
capillaries, which is absent 
in the smaller mpiatic 
genera. 

A very remarkable genus, 

Jirar/iydrilm , lias lately been 
described by Hr. Benham, 1 
in which each segment lias 
two pairs of nephridia in- 
stead of a single pair. More 
recently, certain Australian 
forms, which 1 propose to 
unite on this account into 
a. genus 7'rinr/iJirm, have 
been discovered which have 
no less than three distinct 
and separate pairs in each 
segment." 

In many Mcgaseolicidae 

there is a nephridial system 

of a different character. In 

lVrirlmHa when dissected 

the nephridin appear, on 

account of their minute size, 

to be altogether absent. 

There is, however, in most Fi«. 191.— Section through bo<ly- wall of Mtyas- 

Perichuetidae in luanv rtitldeii h W«ly magnified. (After 

J. eiiuiacua.lL, m mauj Hpracw.) 1, 4, 5, <5, Coils of neplmdia ; 

Acanthodrilidae, and in 2, fiinnel ; 3, septum ; 7, external apertures, 

many Cryptodrilidae a mass 

of minute tubules which cover the inside of the l»ody-wall, and 
open on to the exterior by innumerable openings ; there may be 
in a single segment one hundred or more of these external 
orifices, whicli are scattered about irregularly. It is at present 
uncertain whether these minute tubes are connected among 



1 Zool. Anz. xi. 1888, p. 72. 

8 See Fletcher, P. Li mi. Soc. N.8. W. (2) iii. 1881), p. 1542. 
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themselves, thus forming a network pissing through the septum 
and from segment to segment, or whether each tube is isolated 
from its fellows, and forms a distinct nephridium, of which there 
are many in each segment and entirely separate. This is, how- 
. ever, certain, that the complex nepliridial systems of at any rate 
Octochactus and Megascolides are derived front the multiplication 
of a single pair of tubes which are ulonc present in the embryo. 
In Perichaeta the minute nephridia are furnished with coclomic 
funnels; in Octochaetus they are not, except in the case of 
certain nephridiu which open into the terminal section of the 
intestine. 

Both at the anterior and at the posterior end the nephridia 
occasionally open into the alimentary canal. In various genera 
the first pair of nephridiu are larger than the others, and open 
into the buccal cavity ; it seems likely that they serve as salivaiy 
glands. A somewhat similar condition of things exists in i'm- 
jMitH# (vol. v, p. 17). In Octochaetus mn/tljmrus, for example, 
there is a large tuft of nepliridial tubes in the anterior region of 
the body, which opens by a long muscular duct into the buccal 
cavity. In the same species a good many of the nepliridial 
tubes open into the posterior section of the intestine, reminding 
one of the anal vesicles of the Gephyrea (p. 43 G) and of the 
Malpighian tulies of the Arthropods. 

In many Eudrilidae the ducts of the paired nephridia form 
a network in the body-wall, which opens on to the exterior by 
many pores. 

Alimentary Oftnal. — The digestive tube is perfectly straight 
in nearly all Oligochaeta. Only in Flagiochaeta and a species 
of Digaster is it twisted in the intestinal region in a corkscrew- 
like fashion. The mouth is under the buccal lobe (where, as in 
the majority of cases, this is present); the anus is ‘ mostly ter- 
minal, or rarely, c.y. Oriodrifus, a little in advance of the end of 
the body on the ventral side. In the simpler forms three regions 
can be distinguished, which are themselves simple in structure. 
The mouth leads into . a buccal cavity, which in its turn 
opens into the pharynx; the latter is muscular, 1 with thick 
walls. The narrower oesophagus opens into the wider intestine, . 
which opens posteriorly, as already stated. . Xp. the earthworms 
there is as a rule some complication. The oesophagus bears 
certain glandular appendages, the calciferous glands ; and a part of 
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it is modified into a gizzard. The gizzard is merely a portion of 
the oesophagus with very much thickened muscular walls and with 
a stout lining of chitin. It is not universally present among earth- 
worms, and when present varies much in position. The rule iB that 
one gizzard only is present. In IMgastcr , as is implied by the name, 
and in some other forms there are two in successive segments; in 
Triga&ter , as the name also indicates, there are three gizzards ; in 
Mmiligaster and the Eudrilids Hyper iodrilns and Hrliodrilns there 
are four to six ; and a few other forms also have a considerable 
number of gizzards. The calciferous glands are diverticula of 
the Oesopluigus with folded and sometimes ciliated walls ; their 
epithelium secretes calcareous particles, which arc frequently of 
crystalline form. Darwin supposed that this secretion was provided 
in order to negative the humus-acids of the soil which is the food 
of earthworms. These organs are usually paired, but in the 
Eudrilidae there are unpaired as well as paired glands; the 
unpaired calciferous glands lie ventrally. These glands are totally 
wanting umong the aquatic families, with the sole exception of 
the Enchytraeidue. In a few of these there are either paired or 
single glands of a very similar nature; Dr. Michaelsen has 
suggested that the function of these is rather absorptive than 
secretory. From the median unpaired gland of JJuchholzia arises 
the dorsal vessel, which at first forms a sinus round the glandular 
epithelium : the epithelium, like that of the nephridia, is perfor- 
ated by the ducts. In certain Oligocliaeta there are some curious 
modifications of the calciferous glands. In Stuhlmannia and a 
few other Eudrilidae the oesophagus is beset with a larger number 
of paired structures than in any other genera of the family, where 
the calciferous glands are more limited in number. These glands 
consist of a short tube lined with epithelium opening into the 
oesophagus. Round this is a' mass of cellular tissue, but the out- 
lines of the .constituent cells ure lost ; the whole is permeated 
witli abundant blood-vessels. This layer seems to be peritoneal, 
and the entire gland seems to have lost its function us a secretory 
organ, and to have taken on some function in connexion with the 
vascular system. An analogous modification is to be found 
among the Eilcliytraeidae. In certain forms there is a structure 
known as the cardiac body ; this is a chord of cells lying in the 
dorsal blood-vessel at the point where it springs from the 
intestine. It is temptihg to regard this cellular rod as being 
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the altered dorsal glandular pouch already spoken of, which is 
surrounded by a blood sinus.' 

Reproductive Organs. — All the Oligochncta are hermaphro- 
dite animals. Hut, as is the case with other hermaphrodites, the 
male and female organs are in many cases mature at different times, 
thus leading to a practical unisexuality. Many of the aquatic 
forms appear to have fixed times for breeding, which may be in 
the winter or in the summer; but the earthworms are as a rule 
sexually mature the whole year round. Various accessory organs 
are developed in the majority of eases. In all, the reproductive 
glands lie in successive segments and are attached to the septa, 
from the peritoneal covering of which they originate. Their 
actual position differs greatly in different genera; the position is 
constant only in the earthworms, where the testes are in the 
tenth and eleventh segments and the ovaries in the thirteenth, in 
exactly corresponding situations. A few earthworms have only 
one pair of testes. The only exception, among terrestrial forms, 
to the position of the. generative organs is in the family Moni- 
ligastridae, which show so many other atlinities to the lower 
forms of Olignchacla. In this family the ovaries have moved 
one or two segments forward. Among the fresh-water families 
the position of the testes and of the ovaries is not so uniform. 
They are generally more anterior than in the terrestrial genera, 
particularly the ovaries. 

One of the chief differences between the Oligoehaeta and the 
I’olychaeta is that the reproductive organs of the former have 
special duets to convey their products to the exterior. In Acolo - 
Ho/iui, the only exception to this rule. Dr. Stole 1 has shown some 
reasons for believing that certain nephridiu, but slightly altered 
in form, serve as the conduits of the spermatozoa, whilst the 
ova are extruded through a pore upon the ventral surface of 
the body. In the Euchytracidne the same pure for the extru- 
sion of the ova appears to exist ; but a nearer examination 
shows that it is really not a mere perforation of the integument, 
like the dorsal pores, for example., but that its internal orifice is 
fringed with cells which seem to represent a rudimentary oviduct ; 
l>crhups Aeolusoma typifies a last stage in the reduction. Even 
so high in the scale as in the genus Ncwcrtodrilm (Endrilidae), 
there is an oviduct which can only lu: compared with that of the 
1 Tn Sitzunyx-Bvr. Jiiihm . (les. 1889, p. 188. 
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Enchytracidac. Elsewhere the oviducts ure a pair of tubes with 
a wide, funncl-slmpcd, and ciliated mouth, which leads to the 
exterior by way of a ciliated tube of varying length. 

The spcrm-du<?ts are of au essentially similar structure ; but 
they are commonly much longer, passing through a variable 
number of segments on their way to the exterior. I11 most earth- 
worms there are, moreover, two of them on each side instead of 
only a single pair, as is the case with the oviducts. Among the 
Tubificidae, Naids, and other aquatic families there ure only two 
sperm-ducts, one. on each side of the body, lhit this is not a 
character of the aquatic families, for the Lumhriculidac have 
generally two pairs, as in the earthworms. It is, however, a 
rule with hardly an exception, that among the aquatic Oligo- 
chaets the sperm-ducts open, as do the oviducts in all Oligo- 
chaets, upon the segments following that which bears internally 
the ciliated funnel. It is only in the Moniligastridac among 
earthworms that the sperm-duct only traverses two segments in 
its course. Hut where it is short as regards the actual distance 
traversed between the two extremities, the ttilju itself is com- 
monly long and coiled. 

Sometimes, as in our common earthworms, the sperm-duct 
opens directly on to the exterior of the body, the lips of the 
external orifice being swollen by the development of cutaneous 
gland-cells. I11 the majority of cases the sperm-duct or ducts 
open near or into a glandular structure which in earthworms has 
been called “ prostate ” ; in the aquatic forms, on the other hand, 
“atrium.” As these terms are objectionable from the different 
way in which they have been used for structures of Vertebrates, 
I have suggested for both the term “ spermiducal glands,” indicat- 
ing the identity of the structure in all Oligochaeta. The number 
of pairs of these glands varies, as does also their shape and size. 
The typical form is perhaps illustrated in the lower Oligochaclu, 
where there is but a single pair into which the sperm-duet or duets 
of the same side open. The Naids, Tubificidae, Lumbriculidue, and 
Moniligastridac have a simple gland of this description on each side 
-of the body. These glands may consist of a tuft of pear-shaped 
glandular cells attached to the organ at one side, as in most 
Tubificidae, or of u complete investment of gland -cells, as in 
JBranchiura . Among earthworms it is only the Moniligastridae 
jmd the Eudrilidae in which the sperm-duct opens directly into 
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the end of the spermiducal gland ; in tlie Perichaetidae the gland 
is differentiated into two sections; there is a muscular duct 
leading to the exterior, and a lobate glandular part, which is 
formed by a complicated brandling of a Angle sac such as 
exists in the Tubificidae; in the Acanthodrilidac and in many 


Cryptodrilidae the spermiducal 



Fig. 192: — Diagrammatic longitudinal mo- 
tion of Lumbricus , showing the generative 
segments. x 8. (After HeHse.) hju 
Siiermatliocal pore ; ?, testis ; jf.s, seminal 
sp.a, sperm-sac ; o, ovary ; e.s, egg- 
9, femule pore ; 6, male i>ore. 


glands are of a tubular form 
and are not branched, though 
there is the same differentia- 
tion into a duct and a secreting 
portion. There are in the Aciin- 
thodrilidae two jwiirs of these, 
and as many as three pairs in 
Di chut/ aster ; in tlu i . latter case 
in three successive segments. 
Tu the Acanthodrilidue the 
glands are upon the seventeenth 
and nineteenth segments. In 
most Cryptodrilidae the spur lu- 
ll nets do not o}>en into the duct 
of the Hpormiducal gland, hut 
on to the body- wall near to its 
orifice, the distance varying in 
different genera. In the Acau- 
tliodrilidae the male pore is on 
the eighteenth segment, re- 
moved therefore by the distance 
of a segment from the aperture 
of either of the glands. It 
may lie that a large series of 
structures which exist in Micro- 


chaeta henhami. 1 and in other Geoseolccids, and which have lieen 


termed copulatory glands, are the equivalents of the spermiducal 
glands. 

In many earthworms there are, at the external opening of the 
male duets, bundles of specially modified chaetae, which have been 
called, from their supposed function, penial chaetae; they are 
usually ornamented at the free end with spinelets or ridges, and 
frequently offer valuable specific characters. In the Lumbricidae 
and the Geoscolicidue there are modified chaetae upon the 


1 See Dr. Rosa in Ann. Hofmm: W\$n y vi. 1891, p» 879. 


REPRODUCTIVE OkdANS 




363 


clitellum; in a few forms, such as, for example, Acanthodrilits 
schmardac , the spermathecae haye bundles of similar chaetae in 
■, their neighbourhood, often associated with glands not unlike the 
spcrmiducal glands. 

In most, perhaps in all Oligochaeta the sperm is not matured 
in the testes, or even in the body-cavity; it is received into 
special sacs which are called sperm-sacs, 
and there ripens. These sacs, the vesi- 
culae seminalex, have been shown to bo xv 
outgrowths of the septa; their cavity 
is thus a portion of the body-cavity 
shut off more or less completely from X jy 
the general body-cavity. 

The reproductive organs of the 
Eiulrilidae, and particularly the female 
organs, are so divergent in many par- xm 
ticulars from those of other Oligochaeta 
that it is convenient to treat them 
separately. The testes arc normal, save 
that they an*, often adherent to the 
posterior wall of their segment, as, how- 
ever, is the case, with some other earth- 
worms. In many Eiulrilidae, for in- 
stance in the genus Hyperimlrilm, the Fm. i93.--Fo.malu reproductive 

funnels of the fqwnn-duets tire dependent xTxv, ° SeginontT^f" ufe 
from the anterior wall of the segment ix>dy ; i f spemiAtiiecai mm: ; 
which contains them ; the narrow tube ^ ; 3 ' 8periIlfttlleca ; 

which follows projects into the segment 

in front, and is there immediately dilated into a wide chamber* 
which again narrows, and bending round, re-traverscs the same 
septum ; the two ducts of each side (if there are two, which is 
not invariably the case) remain separate ahd ojicn separately 
into the glandular part of the spermidueal gland. There is 
occasionally only a single median gland ; and as a general rule 
the two glands open by a median unpaired orifice. Penial chaetae 
may or may not be present. 

The structure of the female organs differs considerably in 
detail in the different genera. But Hyperiodrilus may he taken 
as an instance of a genus in which these organs are as compli- 
cated as thpy are anywhere. The ovaries (Fig. 193, 4) are 



364 OLIGOCHAETA cha i. . 

jwrfectly normal in structure and in position. 80 also are the 
oviducts ; but both are enclosed in sacs which communicate in 
rather an elaborate fashion. Each ovisac is somewhat rounded 
in form, and the two communicate by a narrow tube ; from the 
ovisuc also arises another narrow tube, which soon dilates into 
a chamber lying in the thirteenth segment; this contains the 
mouth of the oviduct and is continuous with the egg-sac; the 
latter is quite normal in position. Beyond the egg-sacs the two 
tubes unite round the intestine and open into a large median sac, 
which contains sperm and may be called the spermathecal sac 
( 1 ). There is, however, a true spcrmatlicca, single and median. 
This n]H'.ns on to the exterior in the middle of the thirteenth 
segment, but lies chiefly in the right-hand sac behind the ovarian 
portion of the. same*. I never found this spermatheca to con- 
tain sperm. I)r. .Rosa inferred 011 anatomical grounds, and I 
have been able to prove developmentally (in JAbyodrilux), that 
these sacs which involve the ovaries and oviducts, and which also 
contain sperm, are derivatives of the septa ; that in fact the spaces 
which they enclose are coelomic. In some Eudrilids these sacs 
are the only “ H]>ermiithecae in others, as in Hyper iodril //#, 
there are in addition blind pouches lying within them which 
must be regarded as true spernmthecae ; these an 1 , smaller in some 
than in others. In fact there are various transitions in the entire 
replacement of true sperma thecae apparently homologous with 
those of other earthworms by pouches which are derived from 
the septa, and which are therefore of an entirely different morpho- 
logical significance ; here is an excellent case of the substitution 
of organs, analogous to the replacement of the primitive noto- 
chord of the Vertebrate by the vertebral column. 

So far as is known, all the Oligochaeta deposit their eggs in 
special chitinous cases, the cocoons. They share this peculiarity 
with the Hirudincd. The cocoons have long been known, but 
were originally mistaken for the eggs themselves. The cocoons 
contain several eggs and a variable quantity of albumen for the 
nutrition of the growing embryos. I11 the majority of earth- 
worms they are more or 'less oval with projections at the two 
cuds, and' are of a brownish colour. In others the tint is rather 
to lie described as green. The genera Criodrilns and Spargano - 
philvs have a cocoon which is greatly elongated. These struc- 
tures seem to be undoubtedly formed by the clitelluin, the earlier 
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opinion of DTdekem being that they were the product of 
certain glands developed in Lumbricv* at the breeding season, 
which he thence called the capsulogenous glands. It is mow 
probable that these glands, which have been up to the present 
but little investigated, are the seat of the formation of the 
ulhiuuen which is found within the cocoons. The cocoons are 
deposited at varying depths in the ground, or on the surface. 
.Among the aquatic genera they 
are often attached to aquatic 
plants. The process of forma- 
tion has been carefully watched 
by Vejdovsky 1 2 in the genus 
Jihynrhflmix. The worm throws 
off the cocoon over its head, 
crawling backwards to free itself 
therefrom. The eggs, sperma- 
tozoa and albumen, reach the 
interior of the cocoon as it 
passes over the orilices of the 
Respective duets. Out of the 
numerous eggs which a single 

47,0 Vrjilnvsky.) A, I.umhncus ruMhis % 

cocoon originally contains, only flat. size and y B, .1 /fimt* nnt. Him 
11 few, sometimes only one, a^a 'x®'. ,m1 - 

reaches to maturity. Among 

the Enchylraeidac, however, quite a large uuhiIkt of young 
emerge, from a single cocoon. The development of all the Oligo- 
chaeta is direct, there being no free larval stage. It seems to 
be the rule for a process of fission to take place in the embryos 
of Alio! obuphom trajwzoiifes 2 at least, according to the observa- 
tions of Vejdovsky, in warm weather. In cold weather he found 
in each cocoon as a rule single embryos, and only 10 per cent of 



double embryos. ■ 

Habitat. — Earthworms are found in almost every pirt of 
the world where they have been looked for. Tlu?y occur far to 
the north, in Siberia and Nova Zembla, 3 while South Georgia 
and Kerguelen murk their southern limits. From arid tracts 
of country they are naturally absent, and also, which is more 


1 Kut wickt lungsgcschicJi t lick e T/ntenueliungm , Prug, Heft i. 1888, p. 33. 

2 See Kleinenbcrg, Quart . J. Micr. Sei. xix., 1879, p. 208. 

* Both Col. Foilden and Mr. Trevor-Battye found npecimeiw in Kolguiev. 
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curious, from certain districts of North America. In the ■ 
tropics these animals seem to be on the whole less abundant 
than in more temperate climates. But this deficiency ' of indi- 
viduals is counterbalanced by the greater variety of generic . 
and specific types. From tropical Africa, little explored as it 
lias been from this point of view, no less than thirty genera, 
including about ninety species, have been recorded ; whereas 
in Great Britain only four genera and seventeen species occur, 
and in all probability but few remain to be discovered. The 
vertical range of these Annelids is also considerable. Several 
species have been met with in Europe and elsewhere at an alti- 
tude of 10,000 feet. 

For the bulk of the species the term earthworm is an accurate 
description of their habitat. But there are not a few which 
occasionally or habitually prefer other localities. The genus 
A! Invite is equally at home in soil or in water ; I have taken it 
in the fast -flowing river Plym in Devonshire. The genus 
Amnlhodrilus includes a few species which have at present only 
been met with in water ; A. xchmardae comes from fresh water 
in Queensland, A. stagnafw from ponds in South America ; JR. 
daJci is like Alluriis in that it is. to be found both on land and 
in streams and ponds. The Enchytraeidae are just us amphibious ; 
Criodriim and HjHirganojih ihte appear to be purely aquatic. A 
more curious locality for a creature that is so characteristically 
terrestrial is the margin .of the sea. For a long time a species 
belonging to a peculiar genus Fontodrihte has l»een known from 
the shores of the Mediterranean in the neighbourhood of Nice. 
It lives there among seaweed above high-water mark, but it must 
at least occasionally be splashed by the waves. Another species 
of the same genus occurs on the coast of Brazil and some of the. 
West Indian islands ; Pontoscolex corethrurus and ViachaetU 
littoraiis were described by Schmarda 1 from the shores of 
Jamaica. The former species is one of the most widely distri- 
buted of earthworms, and, except in this particular part of the 
world, has been always taken on the land far from the sea. There 
arc also partly mariue forms among the Tubificidae; Clitdlio 
arenarius is common on our coasts. 

While there are several kinds of earthworms that are thus 
met with in fresh water, others will live for some time submerged 
1 Sate wirbellosc Thieve , Leipzig, ii. 1861, p. 11. 
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• in water. Terrier found by experiment that various species 
could undergo with impunity a prolonged immersion in water, 
. and I confirmed his experiments myself with a common species 
of Al/olobojihora. A correspondent of “ Nature ” stated that a 
certain number of species (not particularised) of earthworms in 
Ceylon could suffer with impunity the effects of sea-water. The 
importance of this fact will be again dealt with in considering 
the geographical distribution of the group. 

Among the aquatic genera of Oligoclmeta we. do not as a 
rule meet with amphibious species. The Enehytraeidae however, 
as already mentioned, are an exception ; so too appeurs to l)e 
the genus Phreoryctcs , which in its structure is to some extent 
intermediate between the earthworms and the aquatic families. 

Terrestrial and Aquatic Forms. — There are many obvious 
structural ]>eculiarities which would prevent the normally aquatic 
worms from laung thoroughly at home on dry land. The. gills 
of JirancMum and the other gilled species would be injured, in 
all probability, by friction with the earth ; the delicate and long 
chaetae of Naids and T-M/ex are also most unsuited for progres- 
sion through dry soil ; and it is to be noted that those Oligo- 
chaeta, which, belonging to aquatic groups, are yet found away 
from water, have chaetae of the simple sigmoid pattern which 
characterises the. earthworms. . 

There are other peculiarities found only in the aquatic species 
which have not so obvious a relation to their habitat. In no 
genus that is mainly aquatic in habit are the ova small and 
nearly unprovided with yolk as in Liunbricus; the ova of aquatic 
forms are invariably large and filled with abundant yolk. 

The more, delicate organisation of the aquatic Oligochaeta is 
not so hard to understand. The comparatively unresisting 
nature of the medium in which they live, water or fine mud, 
does not necessitate so strong a development of the layers of the 
body-wall as is essential to the earth-living forms, which have 
also thick septa in the anterior region, to protect the organs of 
reproduction as the strong muscular contractions of the body force 
the worm’s way through the dense soil. With the weak structure 
of the integument are perhaps also correlated the simplicity of 
other organs of the body in the aquatic Oligochaeta. With thin 
body-walls, through which gases can diffuse with great ease, there 
.would seem to be less need for the development of a system of 
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integumcntal blood capillaries. These are indeed for the most 
part absent in the aquatic forms, being only faintly developed in 
a few, an example possibly of degeneration. 

Earthworms and the Soil. — Darwin has explained the 
enormous effects which these soft -bodied and small creatures 
have had upon the superficial structure of the earth. Their 
castings, brought up to the surface, are blown about by the wind 
when dry, and are thus spread over the ground in a line layer. 
It has been calculated that in the spice of an acre a 2 of an inch 
in thickness of earth is annually brought to the surface. It is 
clear therefore that in a long period of years them would be a 
very large effect produced. On the sides of a hill this matter 
brought up from below would tend to roll down the slopes when 
dry, and would increase the debris carried away to the sea by 
streams and rivers, so that continents formerly deposited under the 
sea may owe no small proportion of their size to the continued 
work of earthworms in past ages. 

Darwin has also pointed out the benefits to the agriculturist 
which accrue from the industry of these Annelids. The soil is 
thoroughly mixed and submitted to the action of the atmosphere. 
The secretions of the worms themselves cannot hut have a good 
effect upon its fertility, while the burrows open ‘up the deeper- 
lying layers to the rain. Mr. Alvan Millson, 1 in detailing the 
labours of the remarkable Vorulwi worm (tiip/umtH/mttrr mil l soul 
lleddard), hints that they may serve as a check upon the fatal 
malaria of the west coast of Africa. J»y their incessant borrow- 
ings and ejecting of the undigested remains of their food many 
poisonous germs may he brought up from belo\v, where they 
llourish in the absence of sunlight and oxygen, and submitted to 
the purifying influence of sun and air. 

Phosphorescence. — Phosphorescence has been observed in 
several species of Oligoehaeta. The most noteworthy instance 
of recent times is the discovery by Giard of the small worm 
which he called 77/ ntur/ri/ius jthosphurem at Wimereux. During 
damp weather it was sufficient to disturb the gravel upon the 
walks of a certain garden to excite the luminosity of these 
Annelids. In all probability this speies is identical with one 
whose luminosity had been noticed some years l»efore (in 1837) 
by Duges, aiid named by him Lum brie us phosphor eus. According 
1 Kviv Bull . MUc. Information , No. 46, 1890. 
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to Criti nl, tin 1 * * light is produced by a series of glands in the 
anterior region of the body deUmchiug upon the exterior. This 
same worm has since l»een found in other localities, where it has 
been shown to lie phosphorescent, by Monies 1 and by Matzdorf* 
It is remarkable that in some other cases the luminosity, though 
it exists, is very rarely seen. The exceedingly common Brandling 
(AH ol tthophorn foetida) of dunghills has been observed on occasions 
to emit a phosphorescent light. This observation is due to 
Professor Vejdovsky; 4 and was made “ upon a warm July night of 
188 1.” He thinks that the seat of the light is in the secretion 
*of the glandular cells of the epidermis, for when this and other 
worms are handled the phosphorescence clings to the fingers, as 
of course does the mucous secretion voided by the glands. 

Phosphorescence lias been observed also in some other families 
of Olignchaeles. The late Professor Allen Harker noticed a small 
worm in marshy ground in Northumberland which emitted a 
distinct light, and which was subsequently identified as a member 
of the family Enchytrueidae. 

Geographical Distribution.' — In the succeeding pages some 
of the details of the geographical range of the Oligochaeta will he 
found. The present section deals with a few generalities, which 
appear to result from an examination of the facts. 

As to the aquatic genera but little is known at present with 
regard to their range; they have not lieen widely collected in 
extra-European countries. AVhat little, is known points to the 
conclusion that while many parts of the world have their iieculiur 
genera (such as ffexpmulrilm in South America, JVircudrilv* 
and Pdodrilus in New Zealand), some of the common European 
species are widely distributed. I have, for example, received 
llenlea ventrindom from Kirghiz Tartary, and from New Zealand; 
and a New Zealand Tvhifex appeared to me to be indistinguish- 
able from the common T. rirulorum of our rivers and ponds. It 
is possible that these and similar instances may, at least in some 
cases, be due to accidental importation ut the hands of man, a 
matter into which we shall enter later. But the aquatic genera 
have, many of them, facilities for extending their range in a natural 
fashion, which are greater than those possessed by earthworms. 

1 Jlfv. Biot . Nord France , i. 1889, ]>. 197. * SB. (/«. naturf. Berlin, 1893, ]i. 19.. 

9 System u. Morph . d. Otigochaeten , l'rag, 1884. 

4 See my text-book of Zoogeography (Cambridge, 1895} for fuller treatment. 
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It has been pointed out that the chuctue of the aquatic Oligo- 
chaeta are generally hooked at the extremity and bifid, which 
would give them a greater chance of holding on to the feet or 
leathers of aquatic- birds ; I am not myself disposed to lay much 
stress on the possibilities of migration by these means, since, the 
tcuder bodies of the small worms would be liable to be soon dried 
up by wind while in the act of migration. ]Vlorc likely in 
every way is a migration when enclosed in the cocoon. The 
cocoons being small, and often deposited at the edges of ponds 
frequented by aquatic birds, there would be many chances of 
their being earrie* l away with tolerable frequency: moreover, as 
Dr. Mielmelsen has pointed out, the cocoons of some species, 
particularly among the Encliytrueidac, contain a large number of 
embryos ; so that when such a cocoon reached a foreign shore 
there would he a letter chance of the species establishing itself 
there. I have referred elsewhere. 1 to the singular habit of 
forming a temporary cyst which characterises one species of the 
genus Aculoxoma ; this would perhaps tend, to facilitate its trans- 
ference in the way- indicated from one spot, to another. 

Earthworms, on the other hand, have, not such easy means of 
travelling from country to country ; the assistance which the 
cocoons in all prolwibility give to the smaller aquatic Oligo- 
cliuela cannot he belli to lie of much importance in facilitating 
the migrations of the earthworms. In the first place, the animals 
themselves are of greater hulk, and their cocoons are naturally 
larger, and thus less easy of transportation. Secondly, they are 
deposited as a rule upon dry land, where the chances of t heir 
slicking to the feet of birds would lie less; and thirdly, they 
are often deposited deep in the ground, which is a further bar to 
their being taken up. Another possible method by which earth-' 
worms could cross the sea is by the help of floating tree-trunks; 
it is, however, the case with many species that they are fatally 
injured by the contact of salt water. ■ There arc, it is true, a few 
species, such as Ptnitadrilux of the Mediterranean coast, which 
habitually live within reach of the waves ; but with the majority 
auv such passage across the sea seems to l)e impossible/ 2 On the 
other hand, rivers and lakes are not a barrier to the dispersal of 
the group. There are a few species, such as Allnru a tetrugonurus , 

1 Ann. Mag . Nat. Hint, (tf) ix. 1892, p. 12. 

9 Darwin, Vegetable Mould and Earthworms , p. 121. 
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which live indifferently on land and in fresh water ; and even some 
habitually terrestrial species can be kept in water for many weeks 
with impunity. A desert, on the other hand, is a complete barrier ; 
the animals are absolutely dependent upon moisture, and though 
in dry weather the worms of tropical countries bury themselves 
deep in the soil, and even make temporary cysts by the aid of their 
mucous secretions, this would be of no avail except in countries 
where there were at least occasional s^iells of wet weather. 

The range of the existing genera and species is quite in 
keeping with the suggestions and facts already put forward. But 
in considering them we must first of all eliminate the direct 
in 11 uence of man. Every one who studies this group of animals 
knows perfectly well that importations of plants frequently con- 
tain accidcn tally-included earthworms; and there, are other ways 
in which the transference of species from one country to another 
could lie effected by man. There are various considerations which 
enable us to form a fair opinion as to the probability of a given 
species being really indigenous or imported. Oceanic islands 
afford one, test. There arc species of earthworms known from a 
good many, but with a few exceptions they are the same species 
as those which occur on the nearest mainland ; in those cases 
where it is supposed that the animal inhabitants have reached an 
oceanic island by natural means of transit, it is a rule that the 
species are different, and even the genera are frequently di fferent. 
That the bulk of them are the same seems to argue either 
frequent natural communication with the mainland or a great 
stability on the part of the species themselves. It is more 
probable that the identity is in this case to be ascribed to 
accidental transference. 

Another argument comes from the distribution of the family 
Lumbricidae. This family forms the bulk of the earthworms of 
the European and North American continents. But they are 
also found all over the world. With one or two exceptions, such 
us Allolobophora 7noebii, from Madeira, the extra-north-temperate 
species are identical with those found within that region. Now, 
if the migration had been by natural means there would surely in 
the lapse of time been some differentiation of species. Further- 
more, Dr. Micliaelsen has pointed out that in South America the 
presumably European forms (i,e. Lumbricus and Allolobophura ) are 
found upon the coast and in cultivated ground ; it is inland that 




372 


0LIG0CHAJ5TA 


- * 


CHAP. 


the presumably indigenous secies are met with. This again 
looks wry like accidental transference. 

A mapping of the world in regions indicative of the dis- 
tribution of earthworms produces a result which is slightly 
different from the accepted division. North America, Europe, and 
Northern Asia so far as is kpown agree in having as their 
distinctive earthworms the family Lumbricidae, which is veiy 
nearly the only one represented in these parts of the world. 
The majority of the species are common to the two con- 
tinents ; there cannot, in fact, be a separation of Neurotic and 
Psilsiea retie ; we must accept the Holaretic legion of Professor 
Newton. The Ethiopian region, on the other - hand, is quite as it 
is in other groups, lining bounded to the north by the desert of 
Sahara. The Neotropical region is quite distinct, and includes 
Central as well as South America, and the West Indian islands, 
even the Bermudas. It is, however, a question whether the more 
southern portions of the continent should not be cut off from the 
rest and joined with New Zealand, to form an Antarctic region. 
In these two countries, and also in Kerguelen and Marion 
Islands, the prevailing genera are Aainthodrilus and Mirroscnlex. 
In America Annithodrilus is found nowhere but in the more 
southern regions of the southern continent, as well as in 'the 
Falkland* and South Georgia. New Zealand is characterised by 
other genera of Acanthodrilids besides Acanthodri! m itself; but 
the hulk of the species belong to the latter genus. Aranthodrilus 
also occurs (three species only) in 'Queensland and at the Cape of 
Good Hope. Mieroacohw is rather more widely dispersed, Iseing 
found in other parts of America and in Europe, the island of 
Madeira (l accidentally imported); hut it is .undoubtedly chiefly 
concentrated in South America and in New Zealand. Apart 
from New Zealand, which, as already said, can only be doubtfully 
referred to the Australian region, the latter appears to form one 
with the Oriental region (to which, on account of its 4 Perichae- 
tidae, Japan should be added) of other writers. There is, so far' 
sis earthworms sire concerned, no “ Wallace's line ” at till. The 
characteristic genera JWie.kacta and Mayascolex range from one 
extremity of the Indo- Australian region to the other. It is true 
thsit Cn/ptodrilus sind Mcyascoliden are limited to Australia itself 
(with the ap]Kirent exception of a species or two in America, for 
I can hardly sejwirate Argilophilus of Eisen from Megascolidei) y \ 
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put they arc not at all well-defined' genera, and indeed the generic 
distinctions of the whole family Oryptodrilidae are not in a 
satisfactory condition. 

Classification. — The Oligochaeta do not shade into the Polv- 
cliaeta so imperceptibly as might be inferred from the current 
schemes of classification. Apart from minor points, which are 
not universally characteristic of the two groups, though never 
found except in one or the other, the Oligochaeta are to lie 
defined by the complicated reproductive system ; although in a 
few undoubted Polychaeta there is a faint approach to this in the 
specialisation of some of the nephridia as sperm-receptacles and 
even as sperm-ducts. But nowhere among the Polychaeta are 
there the diversified sperm-ducts and oviducts, spermathecae and 
sperm-sacs, that are universal among the Oligochaeta. More- 
over, no Polychaet has a clitellum, which is so distinctive of the 
Oligochaeta, and of their near allies the Leeches. Dr. Eisig has 
compared the glandular modification of the integument at the 
mouths of the sperm-ducts in the Capitellidae to the lieginnings 
of a clitellum. This may be the case, but it is, in my opinion, 
more comparable to the similar glandular spots at the malt; poms 
in earthworms. The reproductive glands in the Oligochaeta 
(save for a few apparently abnormal cases) are restricted to 'at 
most two pairs of each, which occur in the same individual ; the 
.Polychaeta being dioecious. There is, in short, no form known 
which cannot be definitely referred to either the Polychaeta or 
the Oligochaeta, excepting perhaps Ctenodrilus, the anatomy of 
whose reproductive organs is at present unknown. 

It is a difficult task to classify the different families of the 
Oligochaeta; and to' enter into the historical aspect of the matter 
would take too much space. 1 am myself disposed to divide them 
first of all into two main groups, for which I use Dr. Benhum’s 1 
names of Microdrili and Megadrili. 

The Microdrili are, as a rule, small and aquatic in habit ; 
they have short sperm-ducts which open on to the exterior in 
the segment which immediately follows that which contains the 
internal aperture ; the clitellum is only one cell thick ; the egg- 
sacs are large ; the epoch of sexual maturity is at a fixed period. 
This group, to my .thinking, . includes the Moniligastridae ; 
although Professor Bourne has denied my statement with regard 
1 “ An Attempt to classify Earthworms," Quart . J. Micr . Sci. xxxi. 1890, p. 201. 
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to the ditellum, and in this case it is not so easy to decide 
their systematic position. 

The Mkcsadkili are characterised by the precisely opposite 
characters. The si>eriii-ducts are longer ; the ditellum is com- 
posed of many layers of cells; the egg-sacs are rudimentary; 
sexual maturity appears to be more, or less continuous. 

There is, however, a substantial agreement about the families 
which I here, adopt, which may be fairly takcu to express our 
present knowledge 1 of the Order. For fuller details the reader is 
referred to my Monograph of the Order Oligochaeta. 1 


1 Microdrili 




Fam. 1. Apltancum ? — This name was originally given to the 
present family by Vejdovsky: the family contains a single genus, 
Afolosowt/ , of which there are some seven species. The name is 

taken from, perhaps, the 
most important though 
not the most salient 
characteristic of the 
worms. The central 
nervous system appears 
in all of them to Uj re- 
duced to the 1 , cerebral 
ganglia, which, moreover, 
retain the embryonic 
connexion with the epi- 
dermis. The worms of 
the genus are fairly 
common in fresh waters 
of this country, and they 
have l>een also met with 
in North and South 
America, and in Egypt, 
India, America, and 

Fi«. 105.- -A'cfJoftnma kemprichii dividing transversely, tronical Africa TllCV 
>:30. (After Laukestcr.) 1 __ „ 

are all small, generally . 
minute (1 to 2 mm. long), and have a transparent body variously 
ornamented by brightly-coloured oil globules secreted by the 
1 Oxford, 1895. 2 See especially Vejdovhky, Syat. u. Sfwph. Oliy. Frag, 1884. . 
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epidermis. These are reddish brown in A . qunternarium , bright 
green in yl. vnrieyatmn and -4. headhyi, in the latter even with a 
tinge of blue. In the largest species of the genus, A. tenebrarvm 
they an 1 , olive green. In A. niveum the spots are colourless, and 
A, mrirffatum has colourless droplets mixed with the bright green 
ones. Fig. 195 shows very well the general appearance of the 
species of this genus. The body has less fixed outlines than in 
most worms, and the movement of the creatures is not un- 
suggestive of a 1 ’lunarian. As the under side of the prostomium 
is ciliated, and as the movements of these cilia conduce towards 
the general movement of the body, the resemblance is intelligible. 
One species of Acolosomu , sit any rate, has a curious habit which 
is unique in the Order. At certain times, for some reason at 
present unknown, the worm secretes a chitinous capsule, inside 
which it moves atanit witli considerable freedom; these capsules 
when first observed were mistaken for the cocoons of the worms; 
they are really homologous with the viscid secretion which the 
common earthworm throws off when in too dry soil, and with 
which it lines the chamber excavated in the earth in which it is 
lying. The worms of this genus multiply by fission ; sexual 
reproduction lias lieen but rarely observed. 

Fam. Eiwhytraridar } — This family consists at present of 

rather over fifty well -characterised species, which are distrinuted 
into eleven genera. It is common in this country and in Europe 
generally ; it has been met with in Spitsbergen and the extreme 
north ; it occurs in the American continent from the north to the 
extreme south ; it is also an inhabitant of New Zealand. The 
worms of this family are nearly always of small size, sometimes 
minute ; they never exceed an inch or so in length, and that is a 
rare occurrence. They are equally at home in water and in soil, some 
species taring common to the two media; a few are marine or littoral 
in habit, while others are parasitic in vegetable tissues. Like most 
earthworms, and unlike the majority of aquatic worms, the chaetae 
are without a bifid termination ; the body-wall, too, is compara- 
tively thick. The periviscerul fluid is often (as in certain Naids) 
loaded with elliptical or rounded corpuscles. Resemblances to 
earthworms rather tlian to the aquatic families of Oligochaeta 
/are suggested by the long distance which separates the sperma- 

1 Vi'jdovsky, Monographic der EncJiytraeiden, Prag, 1879. Miuliaelsen, “ Synopsis 
dor Enchytraidcn,” Abh. Ver. Hamburg , xi. 1889, p. 1. 
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thecae from tlie male pores (segments 5 ami 12), and l>y the 
paired or unpaired glands that have been already compared to the 
calciferous glands so universally present among earthworms. Oil 
the other hand, the male ducts are confined, as in the lower 
Oligochaeta, to two segments, upon one of which the internal, 
upon the other the external orifice is situated, and the oviduct is 
reduced to a siipple i>orc, as in Xaids ; but this may be merely 
a matter of convergence by degeneration. Perhaps the most 
remarkable genus in the family is Anac/uiefa, wlych has no 
chaetae, but in their place a large cell projecting into the body- 
cavity, which appears to represent the formative cell of the 
chaeta. The integument of this genus contains true chlorophyll, 
according to Vejdovsky. * 

A singular character, found, however, also in Jihynrhel m is and 
Sutroa among the Lunibriculiduc, is the opening of the «]>er- 
mathecae into the alimentary canal. This was originally dis- 
covered by T)r. Michaelsen, but lias been abundantly confirmed. 

i Stercutus is a singular genus which was originally found in 
manure, and has the peculiarity that the alimentary canal is often 
aborted ; this degeneration seems to bear some relation to the food 
and conditions of life. 

Fam. 3. Disr.odrilidar . l — This family consists of small para- 
sitic forms which were at one time assigned to the Hirudinea; 
there seems, however, to lie no doubt that they are rightly 
included in the present Order. Umnshiubdrlfu is found upon 
the gills of the Crayfish, A star it x Jin tin till # ; the American 
Bdellodrilus upon Oamh/tntx. The chid* reason for the former 
inclusion of these worms among the leeches was due to the 
absence of chaetae ami to the presence of chitinous jaws and of 
suckers; apart from these structures there is nothing whatever 
leech-like about the worms. Bdellodrilm has two pairs of testes 
in segments 5 and 6 ; there are two pairs of sperm-ducts, all 
opening, however, by a common “ atrium ” on the sixth seg^ 
ment; on the fifth open a pair of spermathecae, likewise hv a 
common pore. The ovaries are in segment 7, and the ova escape 
by a pair of pores api>arently like the single pore of the Enchy- 
traeidae. The entire worm consists of only eleven segments. 

Fam. 4. Phreoryrtidae ? — This family contains only two 

1 J. P. Moore, 14 The Anatomy of Bdellodrilm J. Morphol. x. 1895, j>. 497. 

2 Beddard, Trans. Hoy . Sue. Ed in. xxxv. 1890, ]». (129, and xxxvi. 1892, j». 1. 
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genera, Phreoryctes and Pelodrilus. The former is widely spread, 
occurring in Europe, North America, and New Zealand. Pelo - 
d/rilus is limited to New Zealand. Most species of Phreoryctes are 
distinguished by their extraordinary length and thinness, and 
there is frequently a tendency to the disappearance of the chaetae. 
The most important anatomical fact about Phreoryctea (at any 
rate P. smithii ) is that there are two pairs of ovaries as well as 
two pairs of testes, and that the ducts of all are simple and very 
much alike. This seems to argue the low position of the family 
in the series. 

Fam. 5. Naidomorpha } — This family contains eight or nine 
genera, perhaps more ; they are all of them aquatic and of small 
size, and they multiply by fission as well as sexually. The most 
noticeable peculiarity of the family is the “ cephalisation ” which 
occurs in the head segments. In some genera, in Pristina for 
example, there is no such cephalisation to be observed ; but in 
others the dorsal bundles of chaetae commence a few segments 
farther bock than the ventral, the segment where they commence 
being different and characteristic in the various genera. Thus in 
Dero the first lour segments are without dorsal chaetae, and in 
Nats the first five are in this condition. There is thus a kind 
of “ head ” formed, whence the expression “ cephalisation.” Dero, 
uVais, and Pristina are commonly to be met with in ponds, lakes, 
etc., in this country. Bohemilla is rarer, and is to be dis- 
tinguished by the remarkable serrated chaetae of the dorsal 
bundles. Of Dero and Nats there are a considerable number 
of different ' species ; indeed it is usual perhaps to regard as 
distributable among three genera, Nais, Stylaria , and Slarina-, 
the species which I am disposed to place in one genus, Nais. 
Stylaria is defined on this view by its extremely long prostomium, 
which has given rise to both its popular and technical names. 
“Die gezungelte Naide ” was the term applied by one of its 
earliest investigators, and the name Stylaria prohoscidea signifies 
the same peculiarity. But as the same inordinately long “ pro- 
boscis ” t occurs in the South American ' Pristina prohoscidea, 
belonging to a genus of which the other member does’ not possess 
so well developed a prostomium, it seems too variable a character 
upon which to differentiate a genus. Chactogaster and Amphi - 

1 A. 0 . Bourne, “On the Naidiform Oligochaeta," Quart: J. After. Set. xxxii. 
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chart a huve been placed by sonic systematise in a separate family. 
The first named contains four secies which are fairly common. 
It is one of those worms in which the chuetae are not exactly 
related to the segmentation of other organs, which moreover 
sometimes show an independence in their segmentation ; thus 
there are more nerve ganglia in the anterior segments of the body 
than there are septa. 

Fam. 6. Tuhijicidae . — The worms belonging to this family 
are of small size, and are all inhabitants of fresh or salt water, or 
the margins of pools and the sea. They differ from the last family 
in that asexual reproduction never occurs, and that the reproduc- 
tive organs are situated rather farther back in the body. The 
male pores arj upon segment 11, and the oviduct-pores upon the 
following segment. This family differs from the Lumbriculidae 
in the fact that then* are only a single pair of sperm-ducts. 

The earliest known Tubilicid was the common TuMfrx rivit- 
Joruin, so widely dispersed in this country and elsewhere; but 
with it was at first confounded the somewhat similar genus 
Limmulrilux, which only differs in that the chuetae are. all of the 
cleft variety, and never cnpilliform, as in Tvhifrx. The genera, 
are mainly distinguished by the characters of the chuetae and of 
the male ducts. At. the base of the series perhaps lies Jh/uth'Uus, 
which lias many points in common with the Nanis. The form 
of the terminal chamlicr into which the sperm-duct opens has the 
same simplicity us in that group, and the iutestine is surrounded 
• with a network of blood-vessels as in the Nanis, a structure which 
is otherwise wanting in the Tubilieidae. The development of 
the ova also is upon a plan which is met with in the Nanis. 
The atrium (see p. 361) becomes more complicated in other 
Tuhificidae. The extremity also is as a rule modified into a 
retractile penis. The discrete “prostate,” of which we have 
already spoken, marks out a considerable number of geuera, such 
as Tnhifex , Lim nodrilas , Hpirosperma, Hr.mituhifex . In the marine 
Clitr! Ho there is no such structure at all, und it is also wanting 
in the South American Hesprrodrilus. In Bmiwhivm there is a 
complete prostatic investment of the atrium, and in TeJmatodrilus 
a large number of separate aggregations forming as many distinct 
prostates. Vermiculm, a genus consisting of but one species, 
found by Mr. Goodrich on the sea-shore in the neighbourhood 
of Plymouth, is remarkable for the unpaired character of the 
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generative organs, a peculiarity which is shared by Stole's genus 
Bothrioneuron. . The gills upon the posterior segments of 
Branchinra sowerln/i and Hesperodrilus branch iatux have been 
already noticed above (p. 352). A very aberrant genus, perhaps 
not rightly referable to this family, is BhreodrUwt, 1 from New 
Zealand, first collected in water from a subterranean spring. It 
differs from all other Tubificids except He»pcrodrilu& in that the 
spermathecae lie behind the male pores, a state of affairs which 
is met witli in the Lumbriculidae. Another singularity of 
structure concerns the sperm-duct, which is wrapped in a thin- 
walled sac, which has every appearance of being simply the 
outer muscular wall of the duct. Within. this are the compli- 
cated coils of the duct, and also a quantity of free spermatozoa, 
whose mode of ingress is diilicult to understand. Many of the 
Tubificidac live in tubes fabricated by themselves, whence the 
tail (aid protrudes. The integument in more than one s]>ecies is 
vascular. This integumcutal blood system, universal among the 
earthworms, appears to be restricted to the present group among 
the Liniicoluo of Claparede. 

Fam. 7. Lv m hricuHda *'. 2 — This family is not a large one, and 
is nearly limittMl in range to Europe and North America ; indeed, 
if we omit the doubtful AUvroidcs , entirely to the L'aluearctic 
region. There are only fourteen species, which are referred to 
eight genera. A number of dubious forms, as is the case with 
other families, may possibly ultimately swell this list. The type 
genus of the family, viz. Liunbriculus , upon which Bonnet made 
his experiments in section and subsequent regeneration, has only 
within the last year been thoroughly explored anatomically. 
But all the other genera are well known. The Lumbriculidae 
are of small or moderate size, and all of them aquatic in habitat. 
Tlverc aw three characters which are nearly or quite universal in 
the genera of the family. In all of them the cliaetae are only 
eight to each segment, arranged in couples, and arc either cleft 
at the extremity or simple. As a rule which has but two excep- 
tions, the genera Alhiroides and Lumbriculus , there are two pairs 
of sperm-ducts, which, however, communicate with the exterior 
through a single terminal chamber on each side of the body. 

The dorsal blood-vessel lias in the Lumbriculidae a series of 

1 F. E. Beddanl, Trans. Hoy. Soc. Min. xxxvi. 1892, p. 273. 

9 Vejdovuky, System n. Morph, d . Oligoehaeten , Prag, J884. 
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contractile ami blind appendages, which were at first mistaken for 
caeca of the intestine itself. There ure two genera of this family 
in Xorth America, which are not very different anatomically from 
their European representatives. The genera described by Eisen 
are Sutroa 1 and Eclipidrihut? The latter lives in cold torrents at- 
a great height in the mountains of the Sierra Nevadri of California. 

Fam. 8. J roniligastridnc . — This family, terrestrial in habit, 
is probably Oriental in range; but 1 have described a single 
species from the Bahamas which may possibly Ije referable to 
the category of accidentally introduced specimens. Our know- 
ledge of this family is conveniently summed up in Professor 
Bournes paper 8 upon the genus Monil itjasfrr. There are some 
eighteen species, which range in size from an inch or so in 
length (J/ bnhtimrnxix) to about two feet; this hist measurement 
is that of the huge J/ j/rundix, of which, together with many others, 
Professor Bourne gives coloured drawings. There is a second 
genus, Dvxmoj/nxta\ which is mainly characterised by the doubling 
of the reproductive organs. This was described by iiosa from 
Bnrniah. The family is noteworthy on account of the fact that 
every species Ixdonging to it lias at least four distinct gizzards, 
sometimes more; but as this multiplication of the gizzards has 
been also found in lid iodrilus among tin; Eudrilidae, and indeed 
elsewhere, it is insufficient to define the family. More character- 
istic is the fact that the sperm-ducts open 011 to the next segment 
to, or even the same segment as, that which contains their funnels ; 
consequently the apertures of the oviducts lire behind instead of in 
front of them. These pores are also situated in a very anterior 
position, the male pores being upon the tenth segment or between 
the tenth and eleventh, and the oviducal pores upon the follow- 
ing one. In these features the family presents resemblance to 
the aquatic Oligochaeta, from which, however, its stoutly-built 
gizzards,, and vascular nephridia differentiate it. 

II. Megadrili. 

Fam. 9. Pcrichactidac . 4 — The Pcrichaetidue comprise a larger 

1 “Anatomical Notes on Sviroa ,” Xoc. ii. 3892, p. 321. 

2 “ Pacific Coast Oligochaeta,” Mem. California Acad. Set. vol. ii. 

* Quart. J. Micr. Set. xxxvi. 1894, ]>. 307. 

4 See Spencer, 7V«c. Jtoy. Soc. Viet. v. 1893, and Fletcher, P. Linn. Soe . N.8.W. 
1886-1888, for Australian forms; Rosa, Ann. Mua. civ. Uenova, vi. 1886, x. 1890, 
and xii. 1892, for Oriental species, etc. 
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number of species than any other family of earthworms ; but it 
is a matter of considerable difficulty to divide the family satisfac- 
torily into genera. The family iis a whole may be defined as 
having numerous, chaetae in most of the segments of the Ixaly. 

There is no other definition which will distinguish this 
family from the next two families, and even this definition is not 
absolutely distinctive. Then?, arc Acanthodrilids which have a 
large 1 nuniljer of chaetae in each segment. The only difference is 
that in this case — in the genus Plagioriuieta — the chaetae arc 
implanted in twos ; this is not the case in the Perichactidae. In 
all IVricliaetidne that are known the sperm-ducts open in common 
with the ducts of the spcrmiducal glands ; they generally open 
into them at some distance from the common. external pore. In 
Jfeganen/e.r , Periehaeta, and Pleionogantcr the nephridia are cf 
the diifuse. tyi»e so widely spread among these worms, and the 
spcrmiducal glands are lohate. Megawolex 
differs from the others in the fact that in 
addition to the small scattered nephridia 
there are a pair of large nephridia in each 
segment, and the. chaetae do not form 
absolutely continuous circles, but ait*, inter- 
rupted above and lielow. Pleinnogaster has 
imm* than one gizzard but otherwise agrees 
with Periehaeta ; it is confined to the East. 

Periehaeta is tropical and occurs — no doubt 
introduced — in Europe and America. Megaa- 
enlex is Old World only, and, like Periehaeta, 

Australian as well as Oriental. But whereas 
Periehaeta is rare in the Australian region, 

Mega tool ex is common there. Perionyx and 
Dijjorochaeta are the other genera which it 
is possible to recognise. Both of them have 19 o.--Ptvichaeta 

luiired nephridia, and neither of them have* Spermutiiecfti 
intestinal caeca, a peculiarity which they both ^^eiunk^ore 1 - 1 ™ * 
share with Megmeolex and Pleionogaster. mkie^pon. 1,0101 
Perionyx principally differs from Diporochaeta 
in that the spcrmiducal glands are lobate, whereas in the latter 
they are ns in the Acanthodrilidae. Perionyx is Oriental; 
Diporochaeta occurs in Australia and New Zealand. 

A very distinctive feature of Periehaeta — perhaps only of the 



3»2 


OLIGOCHAETA 


genus sensu strirto — is its exceeding activity. The first speci- 
mens ever noticed in this country, or at least of whose exist- 
ence printed notice was taken, were exhibited by the late Dr. 
Haird of the British Museum, at a meeting of the Zoological 
Society. He remarked in that communication upon the agile 
fashion in which these 1 tropical Annelids will spring olf a table 
when touched or in any way interfered with. Numerous other 
observers have seen the same manifestations, and the name of 
“ eel-worm ” has been given to these PcrichnHu by gardeners. 
It is worth putting on record hero that in a species of Actm- 
thoilrilun (A. vnjtmsix) the same irritable behaviour is visible. 
When a J'erichactu moves it helps itself greatly by extending, or 
rather protruding, the buccal cavity, which serves as a sucker, and 
grips the ground in front until the rest of the body is brought for- 
ward. It is possibly on account of this extra facility for movement 
that the genus can climb trees with such ease. A species of 
Per ic.h aria has been recorded by Mr. Willey upon an epiphyte of 
a palm, and Dr. Denham has found that it is a hew species, to 
which the name of Pcririuu'ta irillryi has boon given. Thu 
Lumbricid genus (if it be admitted as a genus), Dnidrahaivna , was 
so named on account of a similar habit of climbing trees. Very 
singular in its habit is the, not inaptly-named Prricktteia. unanra 
of Java. It is a monster of its kind, several feet in length, and 
during the night makes 11 a sharp interrupted sound,” apparently 
by the friction of the chaetae against stones. The species 
figured (]>. .’>8 1 ) is, as are a lew others, remarkable for the presence 
of twelve or seventeen Hperinuthecac in segments G and 7. 

Kam. .1 0. (■ ryptodrifufae, } — This family is one of the largest 
of the Oligochaeta: there are. rather over 120 different species, 
which can l>e arranged in at least sixteen genera. They are 
found in most parts of the world, but abound principally in the 
tropics. Australia may be considered to be the headquarters of 
the family, which form its principal earthworm -in habitants. 
Peculiar to this continent, or lit least mainly confined to it, are the 
genera Mcytincol idea, Cryptodrilns , F! richer odrilus , Trinephru *, and 
JVijf inter. Microscolex , though occurring in many parts of the 

world, is characteristic of the more southern regions of South 
America and* of New Zealand. Tropical Africa has the genera 
Ncninodrilm and Millwnia limited to itself, and has besides nearly 
1 S«-€s Fletcher and Spencer, already ipiotcd, lor Australian specie*. 
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all the species of the genus Gardiodrihis. This family is one 
which it is exceedingly difficult to define and to' split up into 
different genera. It shades almost imperceptibly into the Peri- 
chaetidae on the one hand, and is very hard to differentiate from 
the Acanthodrilidae oh the other. A Cryptodrilid, like any 
member of the genus Cryptodrilv*, with complete circles of chaetae 
would be a Perichaetid ; and as there are species of JWir/ntrfa in 
which the anterior segments have only a few chactae in each 
segment, it is perhaps wrong to separate the two families at all. 
Apart from the chactae, there is no peculiarity in the organisation 
of tin*, family Pcrichae.tidae that is not also met with in the 
Cryptodrilidae. Even the highly characteristic intestinal caeca 
so distinctive of the genus Prrir.haria itself, as contrasted with 
Mcf/ftaculex and the other genera, occur, though more numerously, 
in the African Milfsunia , where there arc forty or fifty pairs of 
them. A fairly common feature in the family is the presence of 
two, or even three, pairs of gizzards, a character which is also 
met with in the genus Ben.lmmia among the Acanthodrilidae. 
and occurs also in some other families. The names JJit/nstrr , 
JJidywnf/axtcv, Pm'snot/ttsf-er, and Dirhof/nstcr have been founded 
upon this character. The excretory organs may he paired (in 
Trint'jihrus there are three pairs to each segment) or of the diffuse 
kind. The male pores are usually upon the eighteenth segment, 
but not un frequently upon the seventeenth, and are often armed 
with long and ornamented chaetae. Spamiducnl glands are 
invariably present, and may be lobate or tubular. There are 
two groups of small-sized genera, which in their simplicity of 
organisation stand at the base of the series; hut it is very 
possible that the simplification is rather due to degeneration 
than to primitive position. One of these groups includes the 
semi-marine genus Pontodrilm (witli which I include the 
phosphorescent Photodr ilux) and Jficroscole.i'. In these forms 
the gizzard has disappeared, or is represented by a rudimentary 
structure, and the male pores are upon the seventeenth segment. 
In the other group are the genera Oc-mrodrilus } Gordiodriiux? and 
Xannodrilus, which are of even smaller size, and have in the same 
way the male pores upon the seventeenth segment. The species 
<of this group are often aquatic, and there is not only no gizzard 

1 Eineii, “ Aimt. Studied on Oenerodrilus," Pros. Calif. Aead. (2) iii. 1802, i>. 228. 

’ Beddard, Ann. Mag. Nat. Hist. (6) x. 1892, p. 74. 
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(in most of the species), but the calciferous glands have been 
reduced to a Single pair, which lie in the ninth segment. The 
latter character is also found in the Acanthodrilid Kerria , which 
has liecn associated with the above named. Gordiodriius. has the 
peculiarity that there are, as in Acnnthodrilids, two pairs of 
tubuhir spermiducal glands. 

Fam. 11. Avunthodrilidac} — This family is only with diffi- 
culty to be distinguished from the lost. The following definition 
applies to all the members of the family with one exception, and 
docs not apply to any Cryptodrilid with, so far as is known, one 
exception only. There are two pairs of spermiducal glands, 
opening upon the segments in front of and behind that which 
bears the apertures of the sperm-ducts. 

The one exception to this definition is the species Avanth odrilua • 
momwymtis, which I formerly placed in a distinct genus, Ncodrilux. 
Mi Wowotfjc modest" a is the exception among the Cryptodrilidae ; 
in that worm the male pores arc upon the segment which follows . 
that upon which the spermiducal glands open. The Acantho- 
drilidae show a considerable range of structural variation. This 
enables them to be separated into several well-marked genera. The 
type genus Amnthodrilus has a pair of nephridia in each segment. 
It contains thirty-five species, which are all from the southern 
hemisphere. These species show but little variation among 
themselves. Jtenhamia is a genus that differs from Acanlhodrilns 
in the fuct that the nephridia are of the complex tyj>e, so often 
met with in earthworms with many external pores. The seg- 
ment that bears the male pores is entirely without any traces of 
the. ventral chaetoe. Here again there arc a large number of 
species which are nearly confined to the continent of Africa. Dr. 
Micliuelsen is indeed of opinion that the few species found in the 
East Indies and America are accidental importations. T have 
proposed to separate some of the New Zealand Acanthodrilids 
into a distinct genus, Octochuctus, which is somewhat intermediate 
between Acantkodrilus and JBenhamia. They have multiple 
nephridia, but only a single gizzard. Plagtochaeta of Benham, 
from New Zealand, is in any case clearly a distinct form. It is 
mainly to be distinguished by the numerous chaetae in each 
segment. Trigaster Benham, is West Indian. Deinodrilus (New 

1 Build anl, P. Z. S. 1885 and 1895, for Antarctic Acantliodrilida ; Micliacluen, in 
Jahrh. Hanibury. Ansi. 1888-95, for Bcnhamia. 
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Zealand) liaw twelve chaetae in each segment. IHplocardia, from 
North America, has the male pores on segments 18, 19, 20. 

Fam. 12. Eudriliihir} — This is perhaps the most remarkable 


family of terrestrial Oligo- 
chaeta. Its distribution is 
no less curious than its struc- 
ture. Up to the present it 
is not known outside tropi- 
cal Africa-, with the excep- 
tion of the genus Eudrilus 
itself, which is almost world- 
wide in range. As, how- 
ever, hut one species of 
Xitdrilt/s is found out of 
Africa, and as that species is 
430 common in gatherings 
from various tropical coun- 
tries, it seems to he. an in- 
stance of a species with large 
capacities for accidental 
transference from country to 
country. The type genus, 
/Smfri/vH, lias been known 
since 1871, when it was 
originally described by M. 
Perrier. 1 2 Since that date 
nineteen other genera have 
been described from Africa 
by T)r. Michaelsen, Dr. 
Rosa, and myself. The most 
salient external character of 



the group, not universal 
but general, is the unpaired 
male and female orifices. The 


Fr . 107 . — Lihyodrilus viol arc us F. K. B. x 2. 
sjt, Speriiiuthecal pore ; ct, diMlmii ; <$, male 
pore. 


orifices are commonly very conspicuous (see Fig. 197). 

The peculiarities of internal structure mainly concern the 
reproductive organs, the differences in which from genus to 


1 For a general account of the Eudrilidue, sec my Monograph of the Order Oligo- 
choeta, Oxford, 1895. 

9 Nouv. Arch. Mils. Paris , viii. 1872, p. 5. 

VOL. II 2 c 



386 


OLIGOGHAETA 


genus are often very great. We have already referred to the 
remarkable branching of the ncphridial duct in the body-wall, 
and to the much modified calciferous glands of tituhlmannin and 
some other genera. These structural variations perhaps permit 
the family to be divided into two sub-families. In one there 01*0 
calciferous glands of the normal type, though peculiar in that 
one or more are median and ventral in position, and are unpaired ; 
there is no branching of the ncphridium in the body-wall ; there 
are always, so far as is known, the Pucinian-eorpusde-like bodies in 
the integument. In the other sub-family the calciferous glands, 
if present (they are absent, for instance, in Lihyodrilus ), have under- 
gone much modification in structure ; the nephridia, where they 
have been investigated, have lieen found to branch copiously in 
the body- wall ; the peculiar integuinental bodies hardly ever occur. 

Fam. 13. Geoscv! iridae? — This family is essentially tropical, 
being found in South America and the West Indies, in tropical 
Africa, in India, and in some of the islands of the Malay Archi- 
pelago. But it also occurs (Sjunyanojdidf us and CriodrUus ) in 
Europe and in America. A good many of the genera are aquatic. 
This is the case with the two already mentioned; the genera 
Ghjphidril us and Annadrilus of the Malay Archijxdago can live in 
water. The family is easily definable if we take the more typical 
forms ; but at one end of the series it fades into the next family, 
that of the Lumbricidae. CriodrUus is one of the genera wliich is 
difficult to place. As is the case with many Geoscoliciduc, Crio- 
drUus lias ornamented chaetiie not only upon the clitellum, but 
upon the other segments of the body. This character was until 
recently unknown among the Lumbricidae ; it 1ms been lately 
found in Allolobophora mochii and A . lonnhenji. The absence 
of spermuthmte characterises CriodrUus as well as other Geoscoli- 
cidae; but here again the (diameter is not by any means distinc- 
tive, for in Allolobophora constricta there is the same absence of 
these organs. In CriodrUus the male pores are upon segment 15, 
as in the Lumbricidae, but a species of Kynotus, which is certainly 
a Geoscolecid, lias these pores upon precisely the same segment. 
The only point in which CriodrUus is definitely a Geoscolecid, or 
rather not a Lumbricid, is in the forward position of the clitellum, 
wliich begins upon the fifteenth segment, far earlier than it does 

1 The scattered literature of this family is due to Benhain, Micliaelsen, Perrier, 
Rosa, and others. 
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in any undoubted Lumbricid. The peculiar elongated cocoon, 
which lnucli resembles that of Sparganophilm , is another char- 
acter which favours its Geoscolecine affinities. .1 )r. Michaelsen has 
proposed to unite Criodrilus and Alma into a family intermediate 
between the Geoscolicidoe and the Luinbricidae. 

l'erhaps the most remarkable genus in the whole family is 
Alma. One species lives in the Nile mud; another is the 
“ Yoruba worm ” of West Africa, whose habits have been de- 
scribed by Mr. Millson. The most marked character of this genus, 
apart from the branchiae (see p. 352) which apparently may be 



Fig. 198 . — Alma mUlaoni F. E. B. x 1. 


present or absent according to the species, is in the two enormous 
processes of the body-wall, which are illustrated in Fig. 198. 
These contain the sperm-duets, which, however, open some way 
in front of the free end ; they are provided on the ventral surface 
with a series of sucker-like structures and with peculiar chaetae. 
Another interesting genus is Pontoncolcx , which was originally 
described from the sea-shore* of Jamaica by Sclimarda ; there are 
only two species which are certainly characterised, though a variety 
from the Hawaiun Islands may be a “ good ” species. It possesses 
the remarkable peculiarity that the chaetae at the end of the 
body are disposed in a perfectly irregular fashion, which earned 
for it the name of brusli-tail at the hands of its discoverer, Fritz 
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Miiller. This worm, which is universal, or nearly so, in its 
range, doubtless having been transferred accidentally from country 
to country, invariably shows a light spot not far from the tail ; 
when this is examined with the microscope it is seen that the 
chaetue are here absent or very small, and that the muscular 
structure of the body-wall is slightly different ; it was thought 
that this spot was a zone of growth where fresh segments could 
be added after the fashion of some of the aquatic Oligocluieta, to 
which, it may be remarked, the present genus shows a curious 
point of likeness in the bifid character of the. cluietae. It seems, 
however, that there are really no grounds for the supposition, and 
it is possible that we have here a “ weak ” spot, such as that in 
the foot of certain land snails, which readily gives way when the 
worm is jacked up by a bird, and allows the “ better half" of the 
creature to escaj>e. The .llermudian genus Onyvhnvhaeta oilers a 
very strange peculiarity in that the. chaetue on the hinder seg- 
ments of the body are enormously larger than those in front, and 
end in strong hooks: it seems likely that their function is to 
maintain a tight hold of the ground while the worm is leaning 
out of its burrow, as every one. has seen the common earthworms 
of this country do. (hu/c/ioc/itirfa. has the same irregular arrange- 
ment of the chaetae upon the greater part of the body, as lias 
Pantoscotee. This family, like so many others, has its giants and 
its dwarfs. At one extreme is the great Antaeus of South 
America, several feet in length ; at the other the inch-long Ilya- 
genia of Africa. The American Vrohvnns has a pair of intestinal 
caeca like those of PerirJweta, and placed in the same segment. 

Fam. 14. Lnanhrividae } — This family is to be distinguished 
by the following assemblage of characters. 

The male pores are usually upon segment In, and never 
behind that segment; the elitellum commences some way behind 
the male pores. The gizzard, which is invariably single, is equally 
invariably at the end of the oesophagus. There are three pairs 
of calciferous glands. The nephridia are always paired. The 
spermathecae never have a diverticulum. 

This family only contains three well-known genera, viz. 

1 Rosa, “ Revision? (lei Lumbricidue," Mem. Acc. Torino (2), xliii. 1892, p. 299 ; 
also the Rev. If. Friend's numerous and useful pajKTs, and especially “A New 
Sfiecie* of Earthworms," Prof. It ot /. Irish Ac. (2) ii. 1891-93, p. 402; and 
Earthworms of Ireland," Irish Nat. v. 1896, p. 69, etc. 
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Lumbricvst , AHoldhopkora, and Al turns. The AmericaTi Bimustos 
limy l»e distinct. Tctragonurus , not allowed by some, is at present 
unknown except as regards external characters ; it differs from 
the other Lumbricidae in the fact that the male pores are upon 
the twelfth segment. I 11 All tints they are upon segment 13, and 
in the remaining genera upon the fifteenth. Ltimbricus is to be 
distinguished from Allolubojt/iom by its prostorniuni, which is 
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difficult to understand, the perpetually frozen undersoil of the 
Arctic regions. Eisen has described a number of species from 
Spitzbergen, and Colonel Feilden recently sent me an example 
of Allolobophora octoedra from Kolguiev, where Mr. Trevor-Battye 
also saw another specimen. The family is characteristic of the 
Ncarctic and Palaearctic regions, and though found beyond them, 
is probably elsewhere an accidental importation (see p. 371). 
There are at least fifteen species of this family found in 
England and Ireland, and probably more will lie identified. 

There does not exist at present any comprehensive account of 
the British species of earthworms, though all of them are 
included in I)r. Rosa’s recent revision of the family. Most of 
the British forms belong to the genus Allolobophora , which may 
be divided into two series according to whether the clmetae 
are quite close together or further apart. The extent of the 
clitellum and the position of those swollen eminences which 
appear earlier than the clitellum, and are known as tubcrculu 
p iiber tut is, offer further characters. In the following tables, 
extracted from tliose of Rosa, the known British species of this 
genus are grouped according to these three characters. With the 
help of these tables and Figs. 199 and 200, any of the species 
ought to be easily identified. 


With Chaktae Distant . 1 



I A . jmtrix . | 

I A. mv strict a . 

A. revet" . . 

A. ucfttcdm ■ . , 

A . cyanrtf (suhsp. j 

pmfmju ) 

A. r abida 
A. utamnuiNx . 
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1 In tlic tables the figures refer to the segments' of the body. Opposite the name 
of each species ore two sets of lines ; the upper scries indicate the segments occupied 
by the clitellum ; the lower series those occupied by the tiibercula pubertatis. Tho 
dots indicate the occasional extension of the clitellum or of the tuberCula. 4 ' 
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With Chaetae Paired. 


A. rosea 
A.foctitla . 
A . eiseni . 
A . ntlitjinnso 
A. Urrestri* 
A. ehhrrotica 
A . flcnrtjii . 


•24 

i -- 1 


, 20 


'27 *28 * 21 ) WO ' ai < 3*2 33 ! 34 ! ». r > M 37 - 38 30 | 
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r 1 


! 


! . ! ■ 
1 I 


! ■ I 


1 


There are of course other points by which the different species 
can l)e distinguished. Colour in a few cases enables a species to 
be named at once without any further aid. One of the most 
striking of these cases is the Brandling, so common upon dung- 
hills, and so dear to some anglers. This worm is ringed with 
brownish purple upon a yellowish ground. The greenish A. 
vhiorotica is often found under stones, and curls itself round into 
nearly a complete circle when disturbed. A . cyanea , of a bluish 
grey colour, is one of the earthworms very commonly met with 
in the early morning in London and the neighbourhood. More 
generally, however, the colour is of a paler or darker red, verging 
towards and attaining brown, or even blackish brown ; and is so 
variable that nothing in the way of identification can be at- 
tempted from the colour alone, even with the most elaborate 
description. 

Lumbricus , as already mentioned, is distinguished from all 
Allolobopliom except A. eiseni, by the complete dovetailing of the 
prostomium into the first segment. There arc five species in this 
country which may be thus distinguished by the position of the 
tubercula putartatis. The most familiur species is the common 
L. rubellus . 


L. iitbcllus Hoff, tubercula, pubertatis are oil 28, 29, 30, 31 


L. castaneus 8a v. „ 

L. hereuleus Sav. „ 

Z. papillosus Friend „ 
L.fcstivus Sav. ,, 


„ 29,30,31,32 

»» 

»■ 

ii 


33, 34, 36, 36 

. 34, 36, 36, 37 / 
36, 36, 37/68. 


If 
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lIlKrniNKA (l.KK(-llKS) 

INTKODUCTION ANATOMY -KKPICOHUCTION- --CLASSIFICATION 

KHYXrilOJlDKLLAE AND OXATHOIU’KLLAK 

" The externa] appearance of the 1 1 inuli nc-a,'* remarks Professor 
Vaillant, 1 11 permits us, save for rare exemptions, to recognise at 
once the animals wliioli belong to that group.” The leeches are 
distinguished as a. rule by the possession of two suckers, one at 
each end of the body ; their general shape usually differs from 
that of other Annelids by its oval contour and its dorso-ventrni 
flattening. CyrtieoMeUn luinhricnidt* of (bube, which Iflanchard 
has stated to be the same species as AV/ ditlis fnyrsfintt, has, 
however, almost the form of an earthworm by reason of its 
cylindrical shape and the inconspicuousness of the suckers, while. 
Lutnhrir.ohthlla also resembles an earthworm and has no posterior 
sucker at all. 2 The Oligochaet family Discodrilidac (see p. .‘>76) 
agree with the leeches in their parasitism, in their general shape, 
in the presence of two suckem, and, furthermore, in the existence 
of jaws, which are found in no other Oligochaet, but occur in a 
large number of the Hirudinea. These facts, indeed, though not 
perhaps important by themselves, are indications of the really doses 
resemblance of the Hmidinea to the Oligochacta, a group which 
they approach not merely in such habits as the formation of a 
cocoon in which the eggs are enclosed, but also in many important 
points of internal and external structure. Indeed, the fundamental 
differences between the two groups are. not numerous, and are not 
of such importance as lias been given them by some writers. 

Leeches are to be found in most parts of the world, in situa- 

\ 1 “ Aiiiu-Il-h,” vol. iii. 1889-90, ]>. 477, in the Suite* ii Buffon. 

8 See v. Kennel, Zool. Jahrb. ii. 1887, p. 37. 
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tioiiH which are sufficiently dump for their comfort. Kut we 
do not at present possess enough knowledge to state much us 
to the facts of their distribution. The structure of leeches is 
not so well known as is that of the earthworms ; for they have 
not been to so great an extent collected in extra -European 
countries. It would even l>e desirable to ascertain precisely the 
species which inhabit these islands, the most recent enumeration 
(1 8(ir>) being that contained in the British Museum Catalogue of 
non-purusitical worms by the late Dr. (Jeorge Johnston. For Italy 
this lias been lately done by l)r. Blanchard, and a good many of 
the species are common to the two countries. Johnston enumerates 
altogether (after subtracting what are probably synonyms) 
twenty-one species, distributed among the genera Jinnislullion, 
l\intahdclla 9 1’ixcicnltt, j\ r eph pI is, Trachcta , Jfacmajn's , lli rutin , and 
(11 ossijihii nirt ( = (-Ic/mne), which number will ygv 

be possibly still further reduced. The iirst 
two genera are marine, the remainder being 
fresh water or terrestrial ; Trachcta has been hi vVrA 

] m >bab]y in t roc 1 need. 

Thu use of Hint da medicinal in is well y -\ 

known to many of us from personal expori- t 
once. So extensively wits this leccli formerly t ^ 
made use of that it is now far from being j 1 

a common species either in this country or L. — 

in France*. Those who desire full informa- 
tion as to llirudiniculture should consult rS ~ i cT ~_ — \ 

the work of Dr. Kbrard, published in 1857. 1 l ~ - 
The former extensive use of the leech has ~ 

led to the transfer of its name to the doctor ■ 

who employs it, the authors of the sixteenth . 

century constantly terming a. physician a * ' 

leech; it has been suggested, however, that 

the term was applied rather by way of Fi«.20i.— Anterior end of 

analogy. The useful blood-sucking habits 

of the medicinal leech have been wrongly at- wiies. (After wiiit- 

tributed to the innocent horseleech ( Aula - 

stomum) — innocent, that is to say, of the blood of Vertebrates, for 

it has been described as “ a cruel and greedy worm,” engulfing 

earthworms and even smaller specimens of its own species. 

1 Nouvcllc Aloiwjrajihie dcs Sangaues mddicinaks. I’nria, 1857. 
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“ Horsleches,” said an old writer, “are wholesome to (lrawe 
fnorthe foule blood, if thei are put into a hollo we rede, and one 
of their elides cutte of, whereby the blood nmie run forthe.” But 
it is clearly not easy for a creature destitute of jaws and teeth to 
bite, and the similarity of general aspect has doubtless led to a 
confusion with the savagely biting medicinal leech. 

The Hirudinea are all distinctly segmented animals, but the 



Fig. 20*2. - -Sense Imtly of MornMella 
scatcr tin. (After Whitman.) rp. 

Epidermis ; n, clear cells. Highly 
magnified. 



Fig. 203. — Section through eye 
of /faanaitijMtt jit /tunica, 
(After Whitman.) «y>. Epi- 
dermis ; //, nerve. Highly 
magnified. 


segmentation differs from that of the Oligochaeta in two points.. 
In the first place the. number of segments is much smaller in a 
leech than in an Oligoclmctc, although the difference docs not 
appear grout at. first sight. 

A leech’s body may seem to be composed of seventy, eighty, 
or one hundred segments, a number quite as great as is found, 
for example, in the genus Perichaeta among the earthworms ; but 
the apparent number of segments in the leech is produced by a 
very marked annulatiou of the real segments ; and this is indeed 
the second point of difference referred to above. But there 
are earthworms which show frequently a secondary annulatiou, — 
secondary because it appears late and does not affect other organs. 
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ol* tins body. A .segment of an earthworm may indeed have 
five or six distinct auuulations, but it will be bounded internally 
by two septa, and will bear only one set of chaetae externally. 
In the leech external clues to the definition of a segment 
were until recently wanting. They appear now to have been 
found in the sensory organs of the skin (Figs. 201 and 202), 
which are, according to Whitman, 1 dis]x>sed in a perfectly 
metameric. fashion. Judged by this, and also by the nephridia 
and nerve-ganglia, the number of segments in a leech does not 
appear to exceed twenty-six, independently of the sucker, which 
may represent a few fused segments, seven (in the medicinal 
leech) according to Leuckart. 

The eyes, which are so useful in the systematic arrangement 
of the. group, appear to have been evolved from these sensory 
organs by a further exaggeration of their peculiarities. Figs. 
202 and 202 show this point convincingly. The segmental sense 
organ is shown in Fig. 202: to the outside of certain sense cells. 


below which are a mass of ganglion cells, are 
certain peculiar transparent cells very similar 
to the clear cells found in the interior of the 
eye (Fig. 202). The segmental disposal of the 
sensory bodies and of the eyes is shown in 
Fig. 201. 

Some Hirudinea are furnished with external 
branchiae ; this is the case with Jfranchellion, 
in which genius the branchhie (Fig. 204) have 
an arborescent form ; in Cyatibranchu * there are 
a series of paired simple vesicles which take the 
place of these more complicated respiratory 
organs of Branch-ell ion. The Hirudinea do 
not, save for one. exception ( Acanthobdelht ), 
possess chaetae ; hut it must be borne in mind 
that the I liscodrilidae and the genus Avnvhaeta 
among the Oligochaetu are in the same condi- 
tion. In Acanthobdella 2 there are two pairs of 
chaetae upon each side of the anterior five seg- 



lion torpeitinis . 
(Front the “ Rogue 
Animal") x 1. 


ments of the body. According to the figure which Grube, the 


1 Quart . J. After. Set. xxvi. 1886, p. 317. 

9 See Grube, 11 Aniiulaten ” of Middendortfu Sibirischc Boise , Zoology , 1851, p. 20 i 
and Kowalevaky, Bull. Ac. St. Petcrsb. v. June 1896. * 
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original describer of the genus, gives of these chaetae, the part 
implanted in the body is straight, while the part extending freely 
beyond the body is sharply hooked. 

The body of the leeches is never ciliated externally ; there is, 
as in the higher Oligochucta, a cuticle secreted by the underlying 
epidermis. The llirudinea have, like the Oligochucta, a elite Hum 
which, as in some of the lower members of that group, is limited 
to a very few segments in the immediate neighbourhood of the 
generative openings. It occupies in Hirudo segments 9, 10, 
and 11. The epidermis gives rise to many unicellular glands 
which either remain hi situ or get moved to a deeper position. 
In this the leeches exactly resemble the earthworms. There is 
generally a great deal of connective tissue in tin 1 body-wall. The 
muscles consist of circular, longitudinal, and radial series. The 
individual fibres have the. same structure as those of the Oligo- 
cliaeta, consisting of a soft and undifferentiated core, round which 
is a rudially-striated sheath of contractile substance. 

Alimentary Canal. — Tliclecchcsurcdividcd into the IMiynchob- 
dellae, which have a proboscis but no jaws, and the (limthobdellae, 
which possess a series of jaws but have 110 proboscis. But the. 
division is not a hard and fast one, for we have Whitman's 
genus Lrpfusfunm, which should belong to the jawed division, but 
which has quite rudimentary jaws without the sharp denticles so 
characteristic of Ifirudu. The pharynx is furnished with salivary 
glands. The oesophagus is followed by the proven tricul us, which 
has a varying number of pairs of caeca ; then comes the intestine 
and the rectum. The anus is, as a general rule, placed dorsally 
to the sucker, hut there are. a few rare exceptions where the anus 
is within the sucker. The caeca are totally absent in True hr fa. 

Vascular System. — As will he seen from Fig. 205, the vas- 
cular system of the Hirudinca is constructed on a plan which 
closely resembles that of the Oligochaeta. The diagram re- 
presents Ofnssijdtnuia, one of the Khynchobdcllac, the group 
which comes nearer to the 01ig<xdmetu in many particulars than 
the ( f nathohdcllac. We can recognise a dorsal and a ventral 
vessel, which, are united in the anterior part of the body by 
three peri oesophageal rings, the elongation of which, particularly 
of the last pair (■/■), from before backwards is very marked. In the 
region of the sucker the dorsal and ventral vessels are united by 
fourteen shorter loops, the number of which has an interesting rela- 
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tion to the. number of segments out of which this portion of tin 
body is possibly formed. It will lie ob- 
served also that the dorsal vessel is double 
in this region, a condition which obtains 
along its whole length in Branrhelluni — a 
repetition of what has been described in 
more than one species of Oligochaete. Tn 
the region of the last pair of digestive 
caeca the dorsal vessel has appended to it 
copious sinuses which embrace the intestine 
ami supply its walls with blood. In lfinulo 
then 1 , are only a pair of lateral vessels, and 
neither dorsal nor ventral vessels; in this 
leech and in the. (ruathohdellac generally 
there are. intra-epidcrmic capillaries, a fact 
lirst discovered by Professor Ijankester, and 
now known to occur also in the Oligochaeta. 

The development of the blood-vessels 
shows that they have no relation whatever to 
the coelom, in spite of their subsequent con- 
nexion with it. The? two longitudinal stems of 
Jfirmlu arise as cavities in the somatic, layer 
of the mcHohlast after the formation of the 
coelom. In Xrjthrfin, but not in Jlirudo, I)r. 
lhirger thinks that there is some reason for 
regarding the vascular system as the remains 
of the primitive segmentation-cavity of the 
embryo, an opinion which is held in respect of 
the. vascular system of many other animals. 

Body-Cavity. — ( )ne of the most marked differences betweefi the 
leeches and the. Oligochaeta is in the body-cavity. Tn Hie latter 
there arc a series of cavities corresponding to the segments, which 
are bounded in front and behind by the intersegmental septa, and in 
which all the viscera lie. In leeches such an arrangement is not 
recognisable save in AnnUhohdclIa, where Kowalevsky 1 has quite 
recently described a typical coelom divided by septa into twenty 
segments. T11 transverse sections the body of other leeches appears 
at first sight to be solid, owing to the growth of the muscles and 
connective tissue. A more careful study, however, has revealed the 

1 Seo ref. on p. 395. 



:. 205. — tihmiphonia 
nim'ij i nntu % vuseiihir ami 
alimentary system, x 4. 
(After Oka.) Dorsal 
vessel ; t/ % intestinal 

eaecum ; r, one of the 
hearts. 
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fact that there are considerable remains of the body-cavity or coelom 
which form a complicated system of spaces and channels. What 
has hapiiened, in fact, in the leech is that the coelom lias become 
gradually and pirtially obliterated by proliferation of the cells in 
the interior of the body, a process of obliteration which lias already 
commenced in the Oligochaeta. In many of the latter, some of the 
principal blood-vessels have become surrounded by a space cut off 
from the general body-cavity, while in the majority a special 
cavity surrounds the testes and the funnels of the sperm-ducts. 
This process of the formation of separate cavities for the inclusion 
of the several viscera culminates in the leeches with the marked 


obliteration of the greater part of the coelom. This has liecomo 
so much reduced to the condition of narrow tubes that there has 
been a tendency to confuse it with the vascular system, more 
especially perhaps in those forms in which the blood is tinged 
with haemoglobin, and in which there is a connexion between 
the two systems of spices. This confusion has been further 
increased by the plan of injecting the vascular system, a method 
of investigation which must be employed with great care in 
delicately-organised creatures whose tissues can be easily ruptured, 
and so lead to a flow of the injecting fluid into places and in 
directions impossible during life. 

In transverse sections of leeches it may be seen in successful pre- 
parations that the various organs of the body are enclosed in spaces. 
The funnels' of the nephridia open into lacunae which could hardly 



in any case he regarded as blood 
spaces, while the blood-vessels 
themselves with their mus- 
cular walls cannot he con- . 
founded, at least in the case 
of tin? larger trunks, with the 
spaces not having muscular 
walls which surround them. 
Furthermore, it will be pointed 


Fig. 206. — Coelomic canals of (iloaaiplumia out immediately that the 

ftmyUinahu x 10. (After Oka.) a. Dorsal 

canal containin'., dorsal blood-vessel; h, reproductive Organs are pro- 
veutral canal containing ventral blood- duccd Oil the Walls of spaces 
vessel; l, lateral canal ; /i, nerve-cord. ... 1 

which are the commencement 


in the embryo of the reduced coelom of the adult worm. These 
spaces therefore conform in every particular to the general con- 
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ditions which have been laid down about the characters of a true 
coelom. As to the complexity of this system, attention may be 
directed to the accompanying diagram (Fig. 206 ) of the coelom of 
a segment of Glossiphonia, which has been lately worked out in 
detail . 1 It will be observed that there ari k , four main longitudinal 
sinuses which are connected by a complicated system of transverse 
tubes and spaces. In the anterior pu t of the body, before the 
point where the intestinal caeca arise, the dorsal and ventral 
lacunae fuse to form one larger so-called median lacuna. The cavity 
of this is interrupted, in correspondence witli the segmentation of 
the body, by septa exactly comparable to those of Oligochaeta ; 
but the septa in Glossiphonia are not present at every segment. 
So far our account of the coelom is chiefly derived from the genus 
Glossiphonia. In Ifirtulo , which is an example of the Gnathob- 
dellac, the coelom is . still further reduced : the lateral sinuses in 
them appear to he absent. But on the other hand there is formed 
a series of cavities in a form of connective, tissue which has been 
termed hotryoidal tissue. The cells of this tissue become hollowed 
out, and form channels which are in communication on the one 
hand with the*, remains of the (.*0010111 and on the other with the 
vascular system. This system has certain analogies with the 
lymphatic vessels of Vertebrates, and, like them, is an intermediary 
between the body-cavity and the blood. Originally, however, 
those hotryoidal vessels have nothing whatever to do with either 
the vascular or the coelomic system ; their connexion witli both 
is a purely secondary affair, and only appears, comparatively 
speuking, late in life. 

The development of the spaces here, spoken of collectively as 
coelom confirms this interpretation of their nature. In the 
embryos of Jfirudo, Aulastomum, and Nephelis there is a ventral 
space , 2 which includes the nerve-cord. Into this open a series of 
paired and segmentally-disposed lateral cavities, a pair to each 
segment. The ventral cavity itself is formed hy fusion of the 
median parts of the lateral cavities. There is here clear evidence 
of a coelom, developed on a plan fundamentally identical with 
that of the Oligochaeta in that it is formed as a paired series 
of chambers corresponding to the segmentation of the body. . 

Nephridia. — The “ segmental organs ” or nepliridia are seen in 

1 Asajiro Oka, Zeitschr. wist. Zool. lviii. 1894, p. 79. 

2 See Burger, quoted on p. 403. 
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their simplest form in such a type as Gltmipkonia — the Khyu- 
chohdcllae, to which this genus belongs, being indeed in most 
particulars less specialised than the Gnathobdellae. Here 
we have, a distinct funnel opening freely into the median or 
ventral coelomic. space, which is immediately followed by a 
rounded swelling termed by Oka 1 the capsule: this is tilled 
with colls, in the interstices of which the ductules are situated 
and meander. There is in this capsule a very strong likeness to 
the glandular brownish swelling wliich immediately follows the 
funnel in the nephridiu of certain of the a<iuutic Oligocluteta, for 
example the. Xu ids, where, as Yejdovsky has shown, there is a 
similar “ rote mi labile ” of the nephridial duet. After the capsule 
is a single row of cells which are disposed in a complicated coil. 
These cells are perforated hy the 1 duct, which is thus, as in the 
Oligochaeta, intracellular. In tin 1 first set of cells the. duct is 
single, and gives ofl* numerous hrauclilets into the interior of each 
cell, a condition which has also been observed in many Oligo- 
cliuetu. Afterwards the cells are perforated hv two, or even threc^, 
main duets, for the duct returns upon itself and traverses the? row 

of cells more than once : 
there are also hranchlets 
developed from one or 
other of the main ducts. 
The terminal part of the 
nephridium is a short 
invagination from the 
exterior, which is lined 
by cells. There is 
clearly a close resem- 
blance here witli the 



Flo. 207. — Nephridium of I/iriutn luft/iritin/is. x 10. 
(Alter Jioiirne.) f 9 Funnel ; r, distal vesicle. 


nephridium of an Oligo- 
chaetc. The nephridium, 


however, except for the funnel and the narrow tul>e immediately 
following it, does not apjniar to he ciliated. 


There is, however, some difference of opinion as to the portions 


of the nephridium where there are two ducts in a single cell. 


Ikmrne 2 thinks that where there are two ducts there are two 


1 Loc. r.ii . 

8 Quart. J. Micr. Sri. xxiv. 1884, p. 419; see uIho ibid, xxxiv. 1893, ]>. M5, 
which is mainly a criticism of Rolsius' additions to the very considerable litera- 
ture upon the Leech nephridium. 
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cells, one lying inside the other, and that there is sometimes also 
a telescoping of cell within cell where the duct is single. In 
Hirudo the same writer has described the nephridial funnel, 
which has lost the simple character of that of Gloasiphonia. 
The funnel is represented by a cabbage-head-like mass .(Fig. 
207, /) of ciliated cells with no single definite outlet to the 
exterior us in Ghmiphonia. It appears to be an organ which 
has lost -its proper function — a degeneration of the fuunel being, 
as a matter of fact, not unknown in the Oligochaeta, where it 
may be* carried to absolute extinction ( Chaetogaster ). In Bran- 

ch ell ion and Pontohdella the simple metameric arrangement of 
the nephridia is to some extent lost, owing to 
the formation of a rietwork continuous from 
segment to segment. It will lie borne in 
mind that the Oliguelmeta arc the only other 
Chaetopods in which such a nephridial net- 
work has been stated to exist. 

Male Reproductive Organs. — In Hirudo 
medicinal is there are nine, occasionally ten, 
pairs of testes, which are round white bodies 
arranged scgmentully, i.e. a pair to each seg- 
ment. From each arises a slender, somewhat 
sinuous tube, which enters the common collect- 
ing tube of its own side ; each of these is much 
contorted at the upper end, the coiled portion 
l>eing termed the epididymis. From this they 
enter a muscular penis which can be pro- 
truded. This is the arrangement met with in 
all leeches, save for the fact that the penis is 
absent in some ; in Glossiphonia (see Fig. 

208) this is the case. The number of pairs 
of testes also varies ; and in Nephdis they are 

no longer arranged metumerically. . „ 

» Flu. 208. — Nervous 

The testes arise as local proliferations of system and repro- 
the epithelium of the lateral coelomic cavities, 
but from the somatic wall, not from the x 2 . (After Whit- 

splanchnic, as in the case of the ovaries to be gi^da^w.^rve- 
described later. A portion of the tissue coni ; o, ovary ; u 

yliich is to form the testis grows out later- 
ally into a thin cord, which is to become the vas efferens of that 
vol. 11 2 d 
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testis, loiter both testis and duct become hollowed out with a 
common cavity. The main portion of the vas deferens of each 
side, as well as the terminal copula lory apparatus, is an ingrowth 
from the epidermis which meets the downgrowths from the testes. 

That there are considerable differences between the repro- 
ductive organs of the leeches and those of Oligochaeta will be 
apparent from the above description. There are, however, to 
begin with, certain obvious similarities. In the first place, 
the origin of the reproductive glands is identical ; in both groups 
also the efferent ducts consist of two portions — an invagination 
from the outside, and a formation of the proximal part of the 
ducts near to the glands. In Jfo // i I if/astcr, where- — exceptionally 
— the testes develop on the posterior wall of their segment in 
close contact with the funnels of the sperm-ducts, there is no very 
hard and fast line to be observed between the 
tissues of the two. The hollowing out of the 
testis in the leech, and the continuity of the, 
cavity thus formed with the duct, is a specialty 
of the leeches not found among the Oligochaeta. 

Like many Oligochaeta, the leeches may form 
sperinatophorcs in which the sperm is packed for 
its conveyance from one individual to another. 
Glossip/touia (Ch'psinc) plana, where tin? structure 
in question has been elaborately described by 
Whitman, 1 may be selected as an example. The 
spermatophore (Fig. 200) is about 8 mm. long, 
and is clearly formed of two halves, each of which 
is formed separately in one ductus ejaculatorius, 
the soldering together being effected in the 
common part of the male duets, where also a 
basal portion with a single lumen is added. 
The spermatophore has a double wall. It is 
deposited not in the neighbourhood of the 
generative pores, but upon the back ; and Whit- . 
phon jjfaiw. man hus discovered the extraordinary fact that 
Whitman.) the spermatozoa find their way through the body- 
wall of the leech into the interior of its body, 
where fertilisation presumably occurs. 

3 “ Sperniatophorcs an a Means of Hypodermic Impregnation,” J. Jforphof. iv. 
1891, p. 361. 
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Female Reproductive Organs, — The ovaries of the Hiru- 
dinea appear to differ from those of the Oligoeliaeta in that the 
ovaries arc continuous with their ducts. T11 Hirudo , however, 
the real ovary of each side consists of musses of germinal tissue 
lying freely within a sac which communicates with a duct ; the 
two ducts unite to form a much convoluted tube which opens 
into a thick-walled vagina, itself opening again 011 to the exterior 
by a median unpaired opening on the seventh segment. The 
muscular vagina is not always present. 

The median unpaired female aperture offers now no particular 
difficulty, since in many earthworms, e.g. Pcrichurta, this orifice 
is in the same condition ; nor does the fusion of the oviducts 
and the so-called ovaries; for in Eudrilus, for example, and in 
many Eiulriluhic, the ovary is contained in a sac into which the 
oviduct also opens. It will lie noticed too that the existence of 
short oviducts as compared with the long sperm-ducts is a 
further point of likeness to at any rate the higher Oligoeliaeta. 
Hut a further comparison needs first to he based upon a con- 
sideration of the development of the different sections of the 
apparatus in the leech. The indejKMideiice of the ovaries and 
their ducts has been proved l>y several observers : quite recently 
Hiirger lias dealt with the matter in Xephelis, Ifinuio , and 
Aula&tomuui /////a . 1 lie has found that the ovaries arise from 
the splanchnic wall of the lateral coelomic cavities; they are 
therefore prol iterations of the coelomic epithelium, as in Oligo- 
•chaeta and all Ooelomates so far as is known. The peripheial 
layer of the mass of indifferent cells which constitutes the 
ovary becomes somewhat modified ; its cells are flattened, and 
it at length separates itself and forms a capsule surrounding 
the other cells, which are in fact, or become, the ovary. This 
capsule meets and fuses with the ducts, which are invaginations 
from the exterior of the Inxly. 

There are clearly differences between the ovary of a leech .and 
that of a typical Oligochaete like Inmbricus. The only point of 
agreement, in fact, is the origin of the reproductive gland itself 
from the walls of the body-cavity. In Lumbricus and allied 
forms, whatever may be held with regard to their homo- 
logies, the oviducts as a matter of fact appear first as funnels, 
which afterwards bore their way to the exterior. They are 
1 Zeitmhr . toiss. Zool. lviii. 1894, p. 440 ; and Zool. Jahrb . AnaL iv. 1891, p. 697. 
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purely mesoblustic structures, not — except perhaps the very 
extremity — derived from an ingrowth from the epidermis. We 
have, however, other Oligochaetn in which there are closer 
resemblances to what has just been described in the Ilirudineu. 
In more than one point the aberrant family of the Eudrilidae 
come nearer to the Hirudinea than any other Oligochacta, in 
spite of Bmnchiobdclht with its jaws and sucker. Now in 
Eudril us the ovary is enclosed in a capsule which becomes eon - 1 
tinuouH with the duct of the great sperm-holding pouch, itself an 
invagination from the exterior ; there is no reason in this 
Annelid why the ova should not reach the exterior by this- 
system of ducts, although there is no actual experimental proof 
that they do so. In any case there is also an oviduct correspond- 
ing to that of Jjt/Hihrictis , which opens into the opposite side of 
the duct of the siienuuthecul pouch on the one hand, and into 
the rcceptaculum ovorum on the other; it has no direct con- 
nexion whatever with the sac containing the ovary. If wc were 
to cut off the rcceptaculum and the oviduct and reduce the sper- 
mathccal sac to its duct, the result would be much the same as 
we find it in the leech. 

Cocoon.— -The practice of forming a cocoon for the shelter of 
the eggs and of the developing young is shAred with the Oligo- 
chueta; but not all leeches deposit their eggs in this manner. 
Glossiphonia, for instance, carries its eggs upon the ventral face of 
the body, where the young remain for some time after they are 
hatched attached by the posterior sucker to their parent’s body, 
and from which situation of safety they make short excursions. 
Other leeches deposit their eggs singly, but agglutinated to- 
gether upon stones, etc. In the medicinal leech the cocoon is 
ovoid in shape, and from the end, which is closed by a temporary . 
plug, the young when ready esca}>e. This cocoon is deposited, as 
is that of an earthworm, in soil near to the borders of a marsh 
or pond, so that the young, while enjoying the requiqjte degree' 
of moisture, may not l>e injured by a too wet environment On 
the other hand Pontohdclla and some other leeches lay their 
cocoons attached to bodies actually submerged in the water. 
The cocoon is secreted, as in Oligochaeta, by the clitellum, and 
as in them, is drawn off over the head, the ova and sperm pro- 
bably flowing into it during the process. The elasticity of ( the 
slightly hardened mucus causes the two ends of the cocoon to. 
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close up when it is free from the body ; it is then whitish and 
soft, and the leech fixes it, and appears to polish the surface with 
its buccal sucker. In a few hours the cocoon becomes amber 
brown, a colour which characterises the cocoons of a great many 
earthworms and other Oligocliaeta. The medicinal leech forms 
its cocoon in the same way as docs Nephelis, to which the above 
description refers; but when the cocoon is formed the leech 
* covers it witli another layer of mucus, which Vaillant, from 
whoso work the foregoing notes are extracted, 1 thinks may lie 
produced from the so-called salivary glands. 

Classification. — The number of different kinds of leeches 
is at present uncertain. Seeing that no less than sixty-four 
varieties of the common Him do medicinal in — colour varieties, it is 
true. — are said to exist, it is not wonderful that the labours of 
some systematists have been severe, and have provoked much 
criticism and alteration on the part of others. 2 As to genera, 
Vaillant, in his recent continuation of de Quatreiages’ “ Anneles ” 
in the Suite* & Buffo n, which includes the literature up to the 
year 1880, allows thirty-seven, some (three) of which, however, 
are admitted to Ini ineertae sedis. lllancliard, who has paid a 
great deal of attention to the group, reduces these by six, which 
he considers to be synonyms ; but on the other hand he has 
added or rescued from oblivion six or seven others, and Whitman 
lms instituted several Japanese and Austmlian genera. Most of 
these generic types are, however, only imperfectly known, and 
from external characters only. It is quite problematical how 
many valid genera should be retained ; in the meantime those 
that are fairly well known are divided by lllancliard 3 in the 
following way : — 

Sub-Order 1. Rhynchobdellae.- — Hirudinea with an exsertile 
proboscis, without jaws, and with colourless blood. 

1 “Anneles,” vol. iii. 1880-90, p. 493, in tlie Suites d Buffo n. 

3 Whitman quotes with regretful approval (Proc. Amerie. Acad, xx. 1884-85, p. 76) 
Sir J. Daly ell’s remark, “It does not appear that the history of the leech has advanced 
. in proportion to the number of literati who havo rendered it the subject of dis- 
cussion, " and adds on his own account the following severe indictment of his 
predecessors: “As a considerable share of the work done in this direction is 
purely systematic, it is somewhat surprising that not a single description of any 
. Hirudo has been given with sufficient accuracy and completeness for a close com- 
parison of even its more important external oliaraoters with those of other species." 

8 “ Hiradin&es de l'ltalie," etc. , Boll. Mus . Zool . Torino , vol. ix. 1894, No. 192. See 
. also. Apathy, “ Sitsswasser-Hirudineen,” Zool. Jahrb. Syst. iii. 1888, p. 725. 



40 6 


IIIRUDINEA 


CHAP. 


Fam. 1. Ich thyohdrUi dnc. — Body formed of two regions, a 
narrower anterior portion and A wider “abdomen,” both anterior 
and posterior suckers distinct from the body. 

These leeches are parasites of fishes and of some other 
animals such as tortoises. The family contains a number of 



genera. Branch ell ion (Fig. 204) lias a series of 
leaf-like branchiae, on both sides ; in Cystihranchns 
the respiratory organs are reduced to a series of 
round vesicles. The latter genus occurs in Europe 
and North America, and is parasitic upon marine 
and fresh -water iishcs. Pi sc i cola is a common 
leech which confines its attacks to the inhabitants 
of fresh water. Pontohddla (Fig. 210) is marine, 
and affects rays and sharks ; the best known 
species, 1\ muricata, is usually of a green colour. 

To the family Tehthyobdcllidae also belongs 
the large ('liilian leech Mncrohtldla vahliriana , 
of which there is or are also sjiecies in North 
America. Philippi’s figure of this leech 1 shows 
the distinct neck ; and as it has no jaws, it 
should l>e referred to the present family. Tt 
has got an undue reputation for size, 2^ feet 2 
having been assigned to it. As a matter of fact 
Philippi’s illustration depicts an Annelid of about 
7 inches in length, with a greatest diameter of 
about an inch. But doubtless when extended in 
walking it would lie longer- -1^ feet, Philippi 
thinks. It has no eyes, a failing which is not 
unusual among the leeches. 

Fam. 2. CHuxxiphon i idac . — Anterior sucker 
fused with the body, posterior sucker distinct. 
No cocoon. 


Flo. 210. — Pontoh- 

tlella unirirntu. 


The members of this family all inhabit fresh 


X ]. 

Bourne.) 


(After water ; they have* the habit of depositing the 
eggs separately, which are then fixed fo the 


ventral surface of the body, and the young when hatched are 


1 Zcitschr. f. die yrsa mint . Xatuncis*. vi. 1872, p. 422. 

3 Hut Pennant in his Jfritish Ztnluyy has referred to a leech which in even 


larger. Ujion the huge Basking shark (SelucJie) tlio fishermen sometimes observe a 
leech, which invariably drop* olF when the fish is brought to the surface, “ of a 
reddish colour and aliout 2 feet in length ” ; this may be a Pontobdclla. 
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still protected by the parent, returning to its body for shelter. 
The type genus Gloss iphonia ( = Clepsine) is common in Europe, 
and has many species. The Mexican and Amazonian Haemen- 
teria contains a number of species, of which the Mexican II. 
officinal is is used in medicine ; but according to Miguel Jimenez, 
its use is apt to l)e attended with unpleasant symptoms. Drowsi- 
ness, a buzzing in the ears, and the development of a painful 
rash are some of the effects produced by its bite. It is disputed 
whether the animal's saliva or foreign matter introduced by it 
into the wound are the. cause of the symptoms. 

Mrsohdella of Blanchard 1 is said to be intermediate between 
this family and the next. Each segment has three annuli, as in 
this family, but the leech has three jaws, as in Hirudo . 

Sub-Order 2. Gnathobdellae. — Hirudinea without a proboscis, . 
generally with jaws; the blood is red; the eggs are invariably 
deposited in cocoons. 

Fam. 1. Gnathobdrllidac . — Pharynx with three denticulate 
jaws. 

This family as well as the next is terrestrial or fresh-water in 
habit-. It contains a number of generic types, including the 
medicinal leech, Hirudo wcdicinalis , and the horseleech, Haemopis 
(Aulustominri) tjulo. The former can be distinguished from the 
latter by its power of contracting itself into an oval olive-shaped 
form, which power is not possessed by the horseleech ; the latter 
has, moreover, only two caeca, while the common leech has ten pairs 
of these appendages of the intestine. The genus Limnatis is 
called after t, he Greek word which Theocritus applied to 

the leech. It is found in the Nile, and caused serious incon- 
venience to the army of Napoleon. His soldiers in drinking at 
pools sucked up the small leeches not thicker than a horse’s 
hair, whose presence in the hinder part of the mouth cavity 
produced divers objectionable results, such as spitting of blood 
and hindered respiration. 

Fam. 2. HcritohdelHdac . — Pharynx without denticulate jaws, 
with three unarmed chitinous plates. 

A characteristic genus of this family is Trocheta, which is so 
common at the Zoological Society’s Gardens and in the Regent’s 
Park, and which has been met with in other places near London ; 
it is in this country an introduced species, but is found in many 
1 Ann. Mag. Nat. Hist. (0) xii. 1893, p. 75. 
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parts of tlie continent. It is u land-leech, and lives upon earth- 
worms. 

The genus Ilaemadipsa, which* M. Blanchard places in a 
special sub -family, contains a number of species which are 
for the most part land-leeches. Laud- leeches occur in many 
parts of the world, but chiefly in the tropics — in India, Ceylon, 
Java, South America, etc. They lie in wait for their prey, upon 
the ground as a rule ; but they may ascend herbs and shrubs to 
gain a better outlook when they are aware of an approaching 
footstep. A vivid account of the ferocity of these tiny Annelids 
in Ceylon can be read in Sir J. E. Tennent’s Natural Hilary of 
Ceylon. They have been said to 1 hj so pugnacious and so poison- 
ous that persons surprised in their sleep by the pests have suc- 
cumbed to their united eiforts. A whole battalion of English 
soldiers decamped on one occasion from a wood which was over- 
flowing with laiul-leeches. The familiar misquotation “ lethalis 
hirudo ” might well be applied to this species. Professor Whit- 
man has written much upon the habits of the land-leech of Japan 
{Haemadipsa ja ponua), which bites so softly that its presence 
cannot be detected except for the stream of blood which trickles 
from the wound. While it is feeding it emits from the pores 
of the nephridia a clear fluid, which, as it appears, is used to 
keep the skin moist ; when unduly dried the same phenomenon 
occurs. It is curious that in this and other leeches the nephridia 
should play a part which in the earthworm is played by the 
dorsal pores ; in both 1 animals the glands of tlie skin are also 
concerned with the same duty. 

The purely aquatic leeches swim by undulations, and also, 
crawl by the help of the two suckers, like a “ Geometer "caterpillar. 
But when a land-leech is dropped into the water it at once sinks 
to the bottom and crawls out; it does not swim, but can survive 
immersion for a long period, in this it resembles the earthworms, 
which can also survive a prolonged immersion, and even in the 
case of some are indifferent to the medium, laud or water, in which 
they live; the land-leech, however, is entirely dependent 'upon 
damp surroundings ; a dry air is fatal to it. The land-leech of 
Japan leaves a slimy trail behind it as it crawls, in this respect 
recalling the land Planarian Bipalium kewense. 
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CHAPTER XV 

r.KwmiKA 

INTlJ()m:rTlOX ANATOMY DEVELOPMENT - SIITNCULOIDEA — 

VliTAPL'LOIDEA ECHIUKOTDKA EP1T1I ETOSOM ATO 1 1 > E A - — 

Al’FIN ITI ES OK THE 1SKOUI’. 

The animals included in tlie above-named group were formerly 
associated with tin* Kchinodcrmata. Dellc < liiajo 1 states that 
Jlohadsch of Prague in 1757 was the first to give an accurate 
description of fiipuuru/us under the name of >s [t/rijiM, hut Lin- 
naeus, who noted that in captivity the animal always kept its 
anus directed upwards, re-named it fi Vqninmlus. Lunarck 2 3 placed 
the (Jephyrca near the Holothurians ; ami Cuvier * also assigned 
them a position amongst the. Echinoderms. He. mentions Jionrifw , 
Tlmlttsscinu, Kvh i ttri/x, Stcnwspis, and three species of fit funiculus, 
one. of which, fi. nlulis, “ sert de nourriture aux Ohinois qui 
liahitent Java, et qui vont la cliercher dans le sable au lnoyen 
de ]»et its bamlwms prepares.” 

The name Gephvrea 4 was first used by Quatrelages, who 
regarded these animals as bridging the gulf lietween the Worms 
and the Echinoderms. He included in this group the genus 
filmmspis (rule p. '>oo), now more usually classed with the 
Chiietopoda. 

The Gephyrea are- exclusively marine. They are sub- 
cylindrical animals, which can either retract the anterior end 
of their body — the introvert — carrying the mouth into the 

1 Mrworie valla Maria cNotomia dctjli Animali senza IW/rbrc, 1823. 

a Histoire Nature! hs dot Animaux sans Vertihres , Vol. iii. 1816, p. 76. 

3 Le JUfjne Animal , 2nd ed. 1830. 

4 y4</>vpa=n bridge, Ann. Set. Nat . (3), vol. vii. 1847, p. 340. 
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interior; or are provided with a long flexible but non-retractile 
proboscis. The latter is easily wist off. They usually bear 
spines or hooks of a hard chitinous character, secreted by the 
epidermis or outermost layer of cells. The mouth is at the base 
of the proboscis or at the end of the protractile part, the anus is 
at the other end of the body or on the dorsal surface. The 
nervous system consists of a ring round the mouth and of a 
ventral nerve -cord. A vascular system is present as a rule. 
Xephridia are found which act as excretory organs, and in most 
cases also as ducts for the generative cells. The (Jephyrea are 
bisexual, and the male is sometimes degenerate. 

The group may be divided into four Orders : — (i.) Sipuncu- 
loidea ; (ii.) rriapuloidea ; (iii.) Eohiuroidca : (iv.) Epithetosoma- 
toidea; of these the first is by far the largest, both in number of 
genera and of species. 

The Anatomy of Sipunculus nudus. 

External Characters. — The body of X. nudus when fully 
extended may attain a length of a foot, or even a little more ; in 
this condition it is seen to consist of two portions, the anterior 
of which is, however, retracted into the other when the animal is 
disturbed. The retractile portion is sometimes termed the pro- 
boscis, but as its nature is entirely different from that of the 
proboscis of the Echiuroidea, it is better to refer to it as the. 
introvert. Special retractor muscles are attached on . the one 
hand to the body-wall about half-way down the body, and on 
the other hand are fused into a muscular sheuth which surrounds 
the gullet, just behind the mouth. When those muscles con- 
tract, they withdraw the introvert, into the rest of the body or 
trunk in much the same way -as the linger of a glove may be 
drawn into the hand, by a thread fastened to the inside of its 
apex. The introvert is protruded by the contraction of the 
circular muscles of the body- wall. These exert a pressure on the 
fluid which fills the body-cavity, and by this means the sides of 
the introvert are forced forward until Anally the head is exposed. 

The introvert occupies about one -sixth or one- filth of the 
total body length. . It is somewhat narrower than the trunk, 
and is covered by a number of small flattened papillae, some of 
which lie with their free ends directed backward, overlapping . 
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one another like tiles 011 a' roof. In some other genera, sis 
rhymosoma , the iutrdvert l*earH rows of horny hooks, which are 
apt to full off as the animal grown old. 

The trunk lias from thirty to thirty-two longitudinal furrows, 
the elevations between which correspond with a syuilar number 
of ^ muscles lying in 

crossed at right angles 4 

by a circular marking & 

elevations of which cor- 

These two sets of mark- / 
iugs thus divide the skin 

number of small square Xjr ^ 

ttunk is more or less flMHRE \iVKk l\ 

change according to the tt \ 1 1 I \\ 

state of contraction of W* .Alii • 

its muscles. The cir- £ q/ b' 

cular muscles, for in- Fla 211.- Right half of the anterior end of Sijmn- 
StuilCe, may 1 K 3 contracted cuius nndus L., seen from the inner side and 

«*. 1 . « l 4.1 magnified, o, Funnel-slmped grooved tentacular 

at Olie le\el, thus caus- crown leading to the mouth ; 6 , oesophagus ; 

illg a constriction at this strands breaking up the cavity of the tenta- 
rp . | o C y cular crown into vascular spaces ; c\ heart ; f/, 

Spot. 1 lie Colour Or a. brain ; t\ ventral, and e\ dorsal retractor muscles ; 

nudus is a somewhat /• ventral nerve-cord ; 0\ vascular spaces in ten- 

■ . _ . tocular crown. 

glistening greyish-white. 

The anterior end of the fully-expanded Sipunculus may be 
termed the head; here the skin is produced into a frayed fringe 
which stands up in the shape of a funnel round the mouth. 
This fringe is grooved on its internal surface with numerous little 
gutters, all of them lined with cilia, which by their! constant 
motion keep up a current which sweeps food into the mouth. 


Fla. 211.— -Hight half of -the nnterior end of Sijmn- 
culus nudus L., seen from the inner side and 
magnified, o, Funnel-shaped grooved tentacular 
crown leading to the mouth ; 6, oesophagus ; 
Cj strands breaking up the cavity of the tenta- 
cular crown into vascular spaces ; c\ heart ; d % 
brain ; <?, ventral, and e\ dorsal retractor muscles ; 
/, ventral nerve-cord ; 0\ vascular spaces in ten- 
tacular crown. 
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The fringe may be in the form of a simple ring round the mouth, 
or the ring may l>e folded in at the dorsal side so as to tuke 
the form of a double horse-shoe (Figs. 211 and 212). 

Body -wall. — The glistening appearance of Sipuncvht* is 
due to the cuticle, a chitinoid layer which is secreted by the ex- 
ternal layer of cells, the epidermic Beneath this lies a layer of 
connective tissue, which is not always present in other (Jephyrea: 
within this lies a layer of circulur muscles arranged in bundles 
then comes. a very thin sheath of oblique muscular fibres, then 
a thicker layer of longitudinal muscles, and finally a layer of 
peritoneal epitheliul cells, which in ft 'ijmiwulus are for the most 
part ciliated. 

Scattered over the surface of the body, ami opening by nar- 
row tubes which pierce the cuticle, are a number of glandular 
bodies which may be cither bi- or multi-cellular. The glandular 
cells are apparently enlarged and modified epidermal cells: they 
are arranged in a cup-shaped manner, witli their apices directed 
towards the orifice. They are crowded with granules, which 
are presumably poured out over the cuticle, hut the exact 
function of the secretion is entirely unknown. They have a well- 
devehq>ed nerve supply. 

Digestive System. — The mouth lies in the. centre of the 
fringe, and is not provided with any kind of jaw or biting arma- 
ture; it leads directly into the thin-walled alimentary canal, the 
first part of which is ciliated. The alimentary canal is not 
marked out into definite regions, but pisses as a thin-walled 
semi-transparent tube to the posterior end of tin 1 , body, and then 
turns forward again and opens to the exterior by an anus situ- 
ated about an inch below the junction of the introvert with the 
trunk, on the median dorsal line. The descending and ascending 
limbs of the alimentary canal are coiled together* in a spiral, 
which may be more or less dose in different individuals. The 
whole is supported by numerous fine muscular strands, which 
pass from the walls of the intestine to the skin, and by a spindle- 
muscle, which runs from the extreme posterior end of the trunk 
up the axis of the spiral and terminates in the skin close to the 
anus. 

Xo glands open into the alimentary canal at any point of its 
course, but near the anus a simple diverticulum, or pocket, 6f 
unknown function arises. The size of this outgrowth differs 
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enormously in different 
individuals. The aliment- 
ary canal near the anus 
also hears two tuft -like 
organs, which, however, do 
not open into the intes- 
tine,. but probably have 
some function in con- 
nexion with the fluid in 
the body-cavity. 

Along the whole course 
of the alimentary canal 
there runs a ciliated groove, 
into which the food docs 
not. pass, but the cilia of 
which probably keep in 
motion a current of water 
whose function may be 
respiratory. 

Vascular System. - 
On the dorsal surface of 
the anterior end of the 
alimentary canal lies a 
contractile vessel, usually 
termed the heart. It is 
a tube about an inch long, 
ending blindly behind, but 
opening in front into a 
ring - shaped space sur- 
rounding the mouth and 
partially enveloping the 
brain. From this ring-like 
vessel numerous branches 
are given off which piss 
into the fringe round the 
mouth, and probably the 
chief function of the heart 
is by its contraction to 
force fluid info this fringe, 



and so to extend it. The heart contains a corpusculated fluid. 



Fir:. 212. — SijmuiudM* audit* L„ with introvert an<l head fully extended, laid open by an incision along the right side to show the internal 
organs, x 2. «, Mouth : //, ventral nerve-crod ; •% heart ; t/, oesophagus ; e, intestine; /. ]>ositioii of onus ; //, tuft-like organs ; h, right 

nephridium ; «, retractor muscles ; j, diverticulum on rectum. The spindle-muscle is seen overlying the rectum. 
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A similar blit shorter tul>e is found on the ventral surface of the 
anterior end of the alimentary canal in the species in question ; 
it also opens into the ring which surrounds the mouth. 

Respiratory System. — There are no special respiratory 
organs, and it has long been a mutter of dispute where the 
respiration of Gepliyreu is curried on. The oxygenation of the 
blood probably takes place to some extent through the walls of 
the oral fringe, but the blood which receives its oxygen at this 
spot is limited in its distribution, and could only supply the 
bVain and head. It seems probable that the remaining organs 
are supplied with oxygen by the fluid of the body -cavity, whicli 
bathes them on all sides. This might ohtuin its oxygen from 
the blood in the heart, or more probably, through the thin walls 
of the intestine, from the stream of water whicli is maintained by 
the ciliated groove described above. Quite recently a form — •& 
mundanus, var. branch iata — has lieen described 1 with thin-walled 
papillae covering parts of the skin. These papillae are full of 
corpuscles, and are regarded by their discoverer as branchiae. 

Body-Cavity. — The pinkish fluid of the body-cavity contains 
numerous corpuscles, the products of the reproductive organs 
(either ova or spermatozoa), and some curious unicellular bodies 
known as “ urns.” The latter are shajied like a bowl with a 
ciliated rim, and are formed from the budding of certain cells on 
the walls of the dorsal blood-vessel . 2 Their function is unknown, 
but they resemble certain multicellular bodies found in the body- 
cavity of Phased osoma. The generative cells found in the body- 
cavity are further considered below. The true corpuscles are 
either biconcave round corpuscles coloured with a chemical sub- 
stance, the haemcrytlirin of Krukenberg, which apparently plays 
the same role os haemoglobin in other animals; or amoeboid 
corpuscles, which, though rare in Sipuncuhis , are very numerous 
in Phascolosoma . 

Nervous System. — The nervous system of Sipuncuhis con- 
sists of a brain or cerebral ganglion, a circumoesophageal ring 
surrounding the gullet, and a ventral nerve-cord. The brain is 
a small bi-lobed nervous mass situated on the dorsal surface of 
the oesophagus, in the angle between the right and left dorsal 
retractor muscles close to their point of insertion. Numerous 

1 Fischer, Abk. Vet. Hamburg, Bd. xiii. 1895, p. 1. 

8 Cucnot, Arch. Zool . exp. (2) ix. 1891, p, 59$. 
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nerves arise from it, and pass to the fringe surrounding the 
mouth and to neighbouring parts. At the sides, the brain 
*s continued into two stout nerve-cords which encircle the oeso- 
phagus, and meeting, fuse together in the median ventral line 
to form the ventral nerve-cord (Fig. 211). The latter is of the 
same diameter throughout, and shows no signs of segmentation ; 
it is oval in section, and consists of small ganglion cells heaped 
up on the ventral surface, is, . next the skin, and of numerous 
fibres situated dorsally. The cord gives off many nerves, which 
usually arise in pairs. These puss into the skin, and forming 
rings, run round the body, and give oil* liner nerves as they go. 

The nerve-cord is supported by numerous strands of muscle 
which pass to it from the skin. These are especially long in the 
region where the introvert joins the trunk, and thus allow free 
play to the nerve-cord when the former is being protruded or 
retraetod. 

Sijmnrulvx is not well provided with sense-organs, but in an 
animal which lives buried in sand wc should not expect to find 
these very highly developed. On the introvert there are certain 
putehes of epithelium bearing long stout cilia, which have lieen 
regarded as tactile in function, and there is a tubular infolding 
reaching the brain, which almost certainly has* some sensory func- 
tion. Ward 1 has termed this " the cerebral organ.” It consists 
of a duet lined with ciliated cells, which opens to the exterior in 
the middle dorsal line outside the tentacular fringe. The duct 
leads down to the brain, and expands at its lower end into a 
saucer-shaped space, covering that portion of the brain where 
its substance is continuous with the external epithelium. Tn 
Phy Manama this cavity is produced into two finger-shaped pro- 
cesses, which are sunk into the brain and are lined by cells 
crowded with a dense black pigment.” They are probably rudi- 
mentary eyes, perhaps distinguishing only between darkness and 
light. The pits appear to be absent in Siptniculus nadvs , but 
Andrews states they are found, although without pigment, in 
gmildii? 

Excretory System. — The excretory organs or “ brown tubes ” 
^are typical nrphridia , that is to say, they consist of tubes 

1 Bull. Mils' Harvard, vol. xxi. 1891, p. 143. 

a Shipley, Quart. J. Aficr. Sci. v ol. xxxi. 1890, p. 1. 

1 Stud. Johns Hopkins Univ. vol. iv. 1887-90, p. 389. 
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with glandular walls which open on the one side to the exterior, ' 
and on the other by means of a ciliated funnel-shaped opening 
into the body -cavity. In Gephyrea one wall of the tube is 
produced into a long diverticulum or sac which hangs down 
into the body-cavity, and is usually supported by muscle -fibres 
running to the body-wall. The lower end of the sac is broken 
up into a number of crypts or pits, lined by large glandular cells 
crowded with brown pigment. The pigment-granules are secreted 
into the cavity of the sac, and leave the body through the external 
opening; they probably consist of the nitrogenous excreta of the 
animal. . The upper end of the sac, into which both the external 
and internal orifices open, is usually enlarged, and its walls are 
very muscular. As in so many other animals, the nephridia 
serve as ducts through which the reproductive cells leave the 
body of the parent. 

Reproductive System. — The Gephyrea are bisexual. In 
ipuMulus the testes and ovaries are found in the same position 
in the two" sexes, and are indistinguishable without microscopic 
investigation. They each consist of small ridges situated at the 
lower end of the ventral retractor muscles, just where the latter 
take their origin from the longitudinal muscles of the skin. At 
this level the cells which line the body-cavity on the inside of 
the skin are heaped up, and become modified in the one case into . 
ova or eggs, and in the other into the mother-cells of tin? sperma- \ 
tozoa. This method of forming the reproductive organs from 
modified cells lining the body -cavity is very common in the 
higher animals ; but it is seen- in its simplest and least modified ' 
form in the Sipunculidue. 

The eggs break away from the ovary in a very undeveloped 
condition, but whilst floating about in the body-cavity they 
increase in size and secrete a thick membrane around them. 
They have a well-marked nucleus, and are oval in outline. 

The mother-cells of the spermatozoa also break away in an * 
immature condition, and complete their development in the nutri- / 
tive fluid of the body-cavity. They divide into u number of- 
spermatozoa, usually eight or sixteen, which remain in contact. £ 
They each develop a tail, which projects outwards, and aids the 
cluster in swimming along. These clusters of spermutozou are i 
about the same size us the ova of the female, and, like them, 
make their way into the “ brown tubes.” The exact way in ■. ’ 
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■which this is accomplished is not very clear, but the cilia on the 
funnel-shaped internal opening of the tube seem to have some 
power of selecting the generative cells when they conns within 
their reach, and of passing them on, whilst they reject the much 
smaller .corpuscles of the perivisceral fluid, which are never found 
in the nephridio. 1 Once inside the internal opening, the clusters 
break up and the spermatozoa escape singly into the sea. Here 
they meet with and fertilise the eggs which have escaped from 
the body of tint female. 

Development. — Ilatschek, 2 who investigated the develop- 
ment o it Sijmncufus n tutus at Pantano, an inlet of the sea 


near Messina, states that the 
spawniug takes place during the 
night, and ceases about July 
10. The rate of development 
depends upon the temperature, 
but the larvae usually free them- 
selves from the egg-membrane 
during the third day. . When 
hatched the embryos lengthen 
out a good deal, and take the 
form represented in Fig. 213. 
The larva swims actively by 
meuns of a ring of stout cilia, 
which encircle the body just 
behind the mouth. Other shorter 
cilia are found on the head, con- 
tinuing into the lining of the 
mouth, and a little bunch of 
them is situated ut the extreme 
posterior end. The alimentary 
canal is already formed, and is 
twisted, so that the anus lies 
dorsally, but not so far ^ for- 
ward as it does in the adult. A 
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Fia. 21 3. — Larva of Sijntnrvlus nuihn f L. 
x 150. (After Hatuchek.) n % Mouth ; 
A, onus ; c, excretory organ ; H % glandu- 
lar ap]>endage of oesophagus ; r, wall 
of Htoiuifcli over which the retractor 
muscle runs ; /, invogiuated sense- 
organ at aboral pole. 


..glandular structure opens into the mouth, and another body of 
‘ unknown function is connected with the oesophagus ; both these 
disappear during larval life. A pair of excretory tubules, the 


1 Conn, Stud. Johns Hopkins Univ. voL iii. 1884-87, p. 351. 
* Arb. Instil, ff'ien, Bd. v. 1884, p. 61. 



420 


GEPHVREA 


forerunners of the brown tubes, sire found, and the chief muscle 
tracts arc already established. The nervous system is still ill 
close connexion with the skin, from the outer part ol Which it 
is derived; the cerebral thickening bears two eye-spots. 

The fluid of the body-cavity contains corpuscles, which are 
kept in active circulation by the constant contractions of the 
body-wall, and by numerous tufts of cilia which are borne on 
the inner surface of the skin.. The dorsal blood-vessel is one of 
the latest organs to arise. 

The larva swims actively about for a mouth, during which 
time it increases greatly in size: it then undergoes a somewhat 
sudden metamorphosis. The ciliated ring and the. structures 
related to the oesophagus l>egiii to disappear, the distinction 
between the head and the rest of the body is obliterated, and the 
head becomes relatively small. The mouth changes its position, 
and becomes terminal instead of being somewhat ventral, and 
the tentacular membrane begins to appear. At the sumo time 
the larva relinquishes its free-swimming life, and sinks to the 
bottom; it begins creeping amongst the sand by protruding and 
retracting the anterior part of its body, and takes on all the 
characters and habits of the adult. 

I. Order Sipunculoidea. 

Besides the genus Si-punni/tut, the Order Sipunculoidea includes 
ten other genera. A key to these, taken for the most part from 
Selenka's admirable monograph, is given on page 424. 

PhciscoUmma contains, in comparison with Si /tv nrufus, only 
small species, and it is easily distinguished by the fact that the 
longitudinal muscles are fused into a continuous sheath. As a 
rule the skin is smooth. A few species hear hooks, which are 
generally scattered irregularly and not arranged in transverse 
rows, as in Phymosonm (Fig. 214) and most of the other genera.. 

The fold which in & nudns surrounds the mouth may be 
in the same species bent in so as to take the form of a double 
horse-shoe, the opening of which is always dorsal, just above the 
brain; in this case the mouth is crescentiforni. In other genera 
the fold is broken up into discrete tentacles, and these are vari- 
ously arranged; in Dendrustoma they are grouped together in 
four or six bundles round the mouth, but the more usual arrange- 



XV 


SirUNCULOIDEA 


421 


111**11 1 * is the horse -shoe -like row nf tentacles which overhang 
tin? cresccntiform mouth, us in Phymosoma uml some species of 
Aspidosiphon. 

The ventral side of ouch tentacle is grooved and ciliated, and 
the. grooves are continued into the ciliated mouth. Their dorsal 
surface is pigmented, and in the hollow 
of the horse-shoe lies a deeply pig- 
mented epithelium covering the lira in. 

A blood-vessel courses up each 
tentacle, and usually two channels 
return the Mood to the vascular ring 
which surrounds the mouth. In those 
forms which possess tentacles on the 
dorsal side of the mouth only, tin 1 , 
ventral part of the vascular ring lies 
in the lower lip, which is tumid and 
swollen. The luain supplies a nerve 
to each tentacle. 

When the introvert is retracted 
the tentacular ring is withdrawn and 
to some extent, collapsed ; in this con- 
dition it would he almost touching 
the rough external surface of the 
introvert. In some, species of Pkyuio- 
soaut the delicate appendages of the 
head are guarded from the hooks on 
the introvert by a thin membrane or 
collar , 1 which completely ensheaths 
the retracted head. 

When the introvert is fully ex- 
tended the dorsal blood-vessel con- 
tracts and sends its blood forward 
into the vascular ring, and thence 
into the tentacles or tentacular fold, 
which are thus erected. In several 
species of 8 ipumulus, as 8 . nudus, 8 . norrcyicus, 8 . robust us, S. 
tessdatus , there is a ventral blind tube, as well as a dorsal, into 
which the blood is withdrawn when the head is retracted. I11 
many other species in various genera, Buch as Phymosoma 
1 Shipley, Quart. J. Alter , . Sci. vol. xxxii. 1891, p. 111. 



Fi 1. 214. — A, Phyum ta granu - 
lot mu Y. S. Lewli. x 2. B, 

He.nl of the sumo x 4. <r, 

Pigmented pit leading to hraiu. 
The crescent iform month on 
the lower side of the tigure is 
overhung by the tentacles. 
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wrtdonii and 77 / . asscr, Dnulrostoma signifer, S. vastus, the lumen 
of the dorsal vessel is increased by numerous hollow blind pro-' 
cesses which it hears, hanging freely into the body-cavity. 
Three very small genera of Sipunculids — One A ncsoma, retalo- 
stoma, and TgUmmn — are devoid of all trace of vascular system 
and of tentacles ; the mouth opens in the centre of the anterior 
end of the introvert. I11 Onchnrsnma the dorsal part of the lip 
is somewhat produced, so that the head Inis somewhat the sha])e 
of a Doge's cap, and in Petal ostnnm there are two leaf-like pro- 
cesses of the body-wall which guard the mouth. 

The extent to which the intestine is coiled varies very much 
even in the same species ; the axis of the coil is often supported 
by a spindle-muscle, but this is sometimes absent. The caecum, 
which opens into the rectum of 8. nmhw, is again a very variable 
structure, and when it is present varies remarkably in size. 

The food of Sipunculids seems to consist almost entirely of 
sand, and their only nourishment must be such small microscopic 
organisms or particles of animal and vegetable debris as arc to be 
found mixed with the sand. The alimentary canal is, as a 
rule, quite full of sand, and yet in spite of the tenuity of its 
walls they never seem to be ruptured. If the contents of the 
digestive tube he washed out witli a pipette, it will be found 
that it requires considerable force to dislodge many of the 
sand-particles lying next the wall. These are more or less 
embedded in crypts or pockets of the wall, and as the. sand 
passes along the intestine they probably serve as more or less 
fixed hard points, against which the sharp edges of the. sand 
particles are worn off. Amongst the sand are usually to be 
found pieces of shell, sometimes with a diameter equal to that 
of the alimentary canal ; these are usually rounded, but their 
augles may have been removed by attrition before they entered 
the. mouth of the Sipunculid. 

In 8. tesarlatus the sand is to some extent held together by a 
mucous deposit ; in those cases where there is 110 Hand in the 
intestine, there is always a coagulum of mucus, and the walls 
are contracted and thick; when full of sand the walls are 
tensely stretched and very thin. This thinness of the wall of 
the alimentary canal seems ill-adapted to a diet of sand, never- 
theless it is also met with in other great sand-eating groups of 
animals, such us the Echinids and the Holothurians. 
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The enormous amount of sand and mud which passes through 
the bodies of the Sipunculids shows that they must take a* con- 
siderable part in modifying the mineral substances which form 
' the bottom of the sea. Just as earthworms, as shown by Darwin, 
play a considerable rflle in the formation of soil, so must these 
animals, in conjunction with Echinids and Holothurians, effect 
considerable modifications in the sand and mud which pass 
through their bodies. Mr. J. Y. Buchanan 1 is “ led to believe 
that the principal agent in the comminution of the mineral 
matter found at the bottom of both deep and shallow seas and 
oceans, is the ground fauna of the sea, which depends for its 
subsistence on the organic matter which it can extract from the 
mud.” The minerals at the bottom of the sea are exposed to a 
reducing process in passing through the bodies of the animals 
which eat them, and subsequently to an 'oxidising process due 

* to the oxygen dissolved in the sea-water acting on the minerals 
extruded from the animals’ bodies. 

The rate at which the sand passes through the body of 
SipunculuH is unfortunately unknown, but that at any 011 c 

• moment a considerable quantity is contained in the intestine is 
shown by the fact that the average weight of live specimens of 
X nudus from Naples, taken at random, was 19‘08. grins., whilst 
the average weight of sand washed out of their alimentary canal 
was .10'03 grins. The sand contained in live other specimens 
of the same species measured respectively 6 c.c., 7 e.e., 0*5 e.c., 
7*5 c.c., and 7*5 c.c., giving an average of 6*9 c.c. for each 
individual. 

Omknesoma and Tylusoma have only one retractor muscle; 
Aspidosiphun and Phasrolion have, as a rule, two ; Pliymosoma 
and Mpunculus have four, and perhaps this is the more usual 
number. 

Phascoliov, Tylosoma , and Onchncsoma have but one “ brown 
tube ” ; in Phasrolion this is' the right, in Onclinesoma it is 
sometimes the right and sometimes the left that persists. Most 
other genera retain two, but there are many exceptions; for 
instance, Phascolosorm squamatum has but one, and so has 
Aspidosiplion tortus, and in both cases it is that of the left 
side. No Sipunculid has more than two. It has been pointed 
out by Selenka that those species which have but one brown 
1 Proc. Roy. Soc . Min. sviii. 1892, p. 17. 
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till h» uiv, us a rule, inhabitants of tubes or shells, and do not 
move actively about in the sand. 

The eggs of all members of the family, with the exception of 
the genus Pln/nwsomti , are spherical, hut those of the last-named 
genus are elliptical. They are always surrounded by a thick 
membrane, the “ zona radiata,” pierced by numerous pnm 

(Fig. 215) is easily recognised by the. presence 
of two symmetrically-arranged cuticular shields, one at each end 
of the trunk. These are formed by the fusion of minute cuti- 
eular plates, such as exist in the skin of most Sipunoulids. The 
posterior shield is radially symmetrical, but the 
anterior is somewhat like the, shell of a recten, 
and symmetrical only about one plane. The 
introvert is protruded from the acute, angle 
of the anterior shield, and when extended lies 
almost, at right angles to the trunk, instead of 
being, as is usually the. ease 1 , in the same, 
straight line with it. In many specimens, and 
these seem as a rule to lie the. older ones, a 
deposit of calcium carbonate takes place over 
these shields, covering over and concealing their 
external markings. 

C/ut'usijf/nui. (Krhiiiosijrfinti) has a calcareous 

ring, consisting of lour or live rows of lozcnge- 
Fuj. 21 fi. — .1«/iiVf.- i'll i r « ! 

siphua tnnmitiis shaped calcareous bodies tunning a close? mosaic, 

Ki*f. x 2. a, in- arranged round the base of the introvert, which 
rxUMi'Li. ^iitl illil when extended is in the same straight line as 
siiiiiciciitiy in show the trunk. Each piece bears a brown spot, 

the lii:;ul. . 1 ,,, 

which is said to lie the pore of a gland (rig. 
217). Guljinyin Linkester, has a cylindrical horny thickening at 
tin; anterior end of the trunk and another at the posterior. 



Key to the Genera of Sipunculoidea . 1 

I. The longitudinal niu.«r]es in tlio body-wall divided into 17-41 distinct 
bundles. Four retractor muscles. 

A. body covered with papillae. Numerous filiform tentacles which 
seldom (or never?) surround the mouth, but stand above and 
dorsal to it in a horse-shoe, with the opening dorsal. No rectal 

1 Selcuka, J)if' tSipunculidcn. Semper’s Jttucn im Archipcl d. ]*hUlipincn % vol. 

iv. 188:5. 
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caecum. Hooks usually present. Four retractors (in l J h. Ruprllii 
only two?). Heart almost always without caeca. Eye -spots 
always present Eggs oval, flat, reddish. Almost entirely small 
tropical species . . . .1. Phymosoma 

11. Body devoid of papillae. Tentacular membrane surrounds the 
mouth in a circlet. Rectum with one or more caeca (except tf. 
rdnlu ?). Hooks absent except in S. australis. Eggs spherical. 
The tentacular membrane contains a vascular network. A ventral 
contractile vessel usually present in addition to the heart. Mostly 
large forms. Found in all seas . . ± Sipunculus 

11. The longitudinal muscles in the body-wall form a continuous sheath, 
and are not split up into bundles. 

A. Two brown tubes. Numerous tentacles form a wreath round 
the mouth. Alimentary canal formsg a complete spiral, free 
behind except in Ph. Jlatisnn. Spindle-muscle usually present. 
One or more ligaments present, but only on the anterior convolu- 
tions of the. intestine. Adhesive papillae always absent. Hooks 
very frequently absent. Eggs spherical. Found in all seas. 

3. Phascot.osoma 

M. Two free brown tubes. Only four or six plumed tentacles. 
A complete intestinal spiral, not attached behind. Spindle- 
niiisi'Ie. always present. One or more ligaments -present, but only 
tlie anterior convolutions of the intest im*. T looks are present, 
but sometimes fall oil’ early in life. Heart usually bears caeca. 
Found only in the lrnpies. . . . *4. Dkxihiostoma 

0. Only one brown tube, that of the right side, present ; it is 
attached to the body-wall throughout its entire length. Numer- 
ous tentacles form a circle, round the. mouth. The alimentary 
canal forms 110 spiral, or an incomplete 011 c. No spindlc-musclc, 
lmt. the intestine is attached to the body-wall throughout its 
length by numerous ligaments. Adhesive papillae often present 
Not more than two retractors. Spherical eggs. Inhabits Mollusc 
shells or tubes. Found in all seas . . 5. Phascolion 

HI. At both ends of the trunk a distinct homy shield, nr tube-like comifica- 
tion, or a calcareous ring at the anterior end of the trunk. Hooks 
sometimes present. Longitudinal muscles continuous or split up 
into bundles. 

A. A shield at both ends of the trunk. Introvert cxceutric, arising 

from the ventral side of the anterior shield. Tentacles small 
and few in number, arranged in a horse-shoe above the mouth. 
A spindle- muscle, which arises from the posterior end of the 
body, traverses the intestinal coil. Two retractors only, these 
are the ventral ; they are frequently fused together from their 
point of origin. ... 6. Ahpidosiphox 

B. A calcareous ring surrounds the anterior end of the trunk, from 

the middle of which the introvert is extruded. Longitudinal 
muscles continuous. Hooks bifid. Tropical. 7. Cloeosiphox 

C. A corneous ring, from which the introvert issues, surrounds tlie 

anterior end of the trunk, and the posterior end of the trunk is 
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produced into a corneous spike. Six pinnate tentacles encircle 
the mouth. Four retractors. Hooks present on the introvert. 
Longitudinal muscles continuous. Intestine not coiled through- 
out in a spiral nor fastened posteriorly. Spindle muscle present 

8. Golfingia 

IV. No tentacles, but two left Mike extensions of the body- wall guard the 

mouth. Four retractors. Few intestinal loops, quite free. No 
vascular system. . . . .9. Petalobtoma 

V. No tentacles, no vascular system. One retractor, and one segmental 

organ. 

A. Introvert long. Body small, pear-shaped. 10. Onchnesoma 

* B. No introvert (?). Body .cylindrical, thickly covered with papillae, 

which are larger and more crowded at both ends of the trunk. 

11. Tylosoma 

Species of Sipuncaloidea. — The genus Phymosoma (Fig. 214) 
contains more species than any other genus of Sipuneuloidea, and 
they are all of fair size. Twenty-seven species ure known, of 
which seventeen occur in the Malay Archipelago, thirteen being 
found there alone. # Phymosoma affects shallow water, the deepest 
specimens being taken at a depth of about 50 fathoms; this 
may be. due to the fact that they flourish only in comparatively 
wann water. With very few exceptions, they arc found only in 
tropicul seas, very often living in tubular excavations made in 

* soft coral rock. 

The genus ftipunrulns contains sixteen species. They are the 
largest and the most conspicuous meml)ers of the group. They 
have a very wide distribution, some species, as ft. mi d us (Fig. 
212) and S. australis , l)eing almost cosmopolitan. They are 
most common in temperate and tropical seas, but ft. norrerjicus 
and ft. priapuloidcs are found fur north, but always at consider- 
able depths, 100 to 200 fathoms. 

The following account of the habits of ftijmnculus gouldii is 
taken from Mr. Andrews' 1 paper on that species : — 

“ This Sipunculus is very abundant in certain small areas of ■ 
compact, fine sand darkened by organic matter and not luid bare 
at ordinary low tide. In such places, only a few square metres in 
extent, they pierce the sand in all directions to a depth of more 
than half a metre, making burrows with persistent lumen run- 
ning from the surface downward and theii laterally, but with 
no regularity in direction. 

“ Kept in aquaria, the dependence of the animal upon the 
1 Stud. Johns Hopkins Univ. vol. iv. 1887*90, p. 389. • 
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nature of the sand and it» method of locomotion may be readily 
observed. A vigorous individual buries itself in a few moments 
in the following manner : Running out the introvert to nearly 
its full extent, and applying it to the surface of the sand till 
some spot of less resistance is found, the animal still further 
expands the introvert so that it penetrates the wind, provided 
tins is not too dense and lirm, for then the body is merely 
shoved backward. When the introvert is inserted, the con- 
traction of the longitudinal muscles of the body-wall brings 
the whole body forward somewhat, in wise the introvert is fixed 
in the sand. In case soft ooze was present, this fixation did 
not take place, and the introvert was merely pulled out again, 
but when the sand was of the right consistency the introvert 
was fixed by becoming much swollen at the tip, and then con- 
stricted just posterior to this swollen area. This bulb-like area 
exerts lateral pressure, on the sand, as could be seen by move- 
ments of the grains. The swelling of the anterior end of the 
introvert is brought about by the body-wall contracting else- 
where, and forcing in liquid to distend that epd. Owing to the 
curved form assumed by the body in the normal contracted state 
when first removed from its burrow, the entrance of the introvert 
may often be nearly vertical, and hence the entire body is soon* 
raised nearly upright in the water above the wind. If the body 
has thus been warped forward sufficiently to become somewhat 
fixed in the sand, the introvert is rolled in and again thrust 
forward from this new point of resistance, and so on till the 
animal is entirely buried. This locomotion increases in speed 
as the creature liecomes more completely surrounded by sand, 
and is the only means of moving from place to place. 

“ On a smooth surface, or on one not presenting the right 
degree of resistance, the Sipuncuhts does not change its position, 
but remains till death finally occurs, rolling its introvert in and 
out and contracting its body-wall to no purpose. 

“ The essential factors in the mechanism bringing about this 
hydrostatic locomotion are an elongated contractile sac filled with 
-liquid, and some means of definitely co-ordinating the contrac- 
tions of the sac. 

“ I11 natural environment the animals are found with some- 
times one, sometimes the other end nearer t the surface the 
sand : in the, aquaria the same was observed, but when the 
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water became stagnant and impure the anterior end with ex- 
panded branchiae was often protruded somewhat above the surface 
of the wind.” 

The genus Phttscolosoma contains at least twenty-five species, 
for the most part small. PL margaritaceutn, however, measures 1 
10 cm. in length, and Ph. Jtayriferum , l.‘» cm. The latter is 
produced at the hinder end of its trunk into a long whip-like 
process, which recalls the horny spike of (fo/jinyta. Most species 
live free, hut a few inhabit the shells of dead Gasteropoda or of 



Fig. 210. — Specimens of the Coral I/cti'ru/ixuuuiiiit cuc/tlnt, with Ax/riduxipkun hrtn'upmm- 
m iartun or A, mivhdini living in a state of roiiinitfiiKuliKiu with them. (From lJouvier.) 


DentaUftm , or the abandoned tubes of worms. They occur in 
practically all seas. 

Jjrndrnstuma contains hut five species, which are all found 
within the tropics in the Pacilic or in the West Atlantic. They 
are shallow-water forms, and some aim found lietwcen tide-marks. 

Phascolion is a smaller genus, containing but ten species, which 
may have been derived independently from different species of 
P/iasrolosoma, ami in this case the genus should he broken up. 
The members of this genus live in Mollusc shells, such as 
Dnitaluini, Turritella , Buccinum , Che nopus ( Aporrhais ), Xttssa, 
Sim tubus, and generally acquire the coiled shape of their host. 
They are usually attached to the shell by means of certain 
1 Scleiikii, Challenger Report.*, vol. xiii. 1885. 
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adhesive papillae found on their posterior end. Pit. stromhi 
Jills its shell with mud, which must be kept together by some 
secretion of the animal. The body lies in a tube in this' mud, 
nnd the introvert projects from the small round opening at the 
end of the tube, and explores the ground in every direction. They 
are found in all seas, but more especially in the colder waters. 

The genus Aspitlosiphon includes nineteen species, which are, 
with few exceptions, exclusively confined to the Indian Ocean 
and neighbouring seas, including the Red Sea. The exceptions 
are A. arnutfus from the Norwegian coast, and A . mvllrri from 
the Mediterranean! and Adriatic. A. truncatus is also stated to 


occur at Panama, the Bahamas, nnd at Mauritius. The remain- 


ing species almost all occur in the 
Malay Archipelago nnd neighbouring 
islands, and as was the case with 
Phymosoma, this part of the world 
seems, to lie the headquarters of the 
genus. A. uiiilleri lives in the inter- 
stices of rocks and stones, and occa- 
sionally in disused Mollusc shells. 

Two species of A&pidosiphon have 
been described by Bouvier 1 living in 
a state of commensalism with two 
species of Madreporarian corals, Stcpha- 
Horcria roassorui and Hetcropsauimia 
v.ovhha , which live on nnd surrounding 
the shells of certain Molluscs at Aden 
(Fig. 2 1 G). Apparently the (*ephyrean 
takes up its abode within its house 
at a tender age, and according to Bou- 
vier, it provides for its increasing bulk 
by Hoereting a coiled calcareous tube, 
the outer surfiice of which affords 
space for the growth of the coral. 

The genus Cloeosijdion , the Uchino- 
siphon of Sluitor, includes three 
sjHicies : C. aspergillum (Fig. 217), C. 



F 10 . 217. — tt*))cryiUvm 
Qmitr. x J. «, Introvert covered 
with spines and partially ex- 
tended, hut not sufliciciitly to 
sliow the head ; h, calcareous 
plates surrounding the i>oiut of 
origiu of the introvert. 


molls, and C. javanicum . The first named occurs at Mauritius, 


the Malay Archipelago, and neighbouring islands ; the others are 


1 Anil. Sei . not. (7) vol. xx. 1895, p. 1. 
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confined to the last-named area, which thus again forms the head- 
quarters of a genus. 

Golfingia , described by Lankester from a single specimen, was 
dredged in St. Andrews Bay, at the depth of 10 fathoms. 

Petalostoma comprises but one species, P. mmvtmn, which is 
found in the English Channel. 

Onchnesoma comprises two species, 0. sternstrnpH and 0. 
savsii , both found off the coast of Norway at considerable depths 
between 200 and 300 fathoms. 

Tylosoma comprises one species, T. lUtkenii, also from the 
.Norwegian coast. It is dredged from stony ground iu 50 to 80 
fathoms. 


II. Order Priapuloidea. 

Anatomy. — This Order consists of the two genera Priapttlus 
and Halicryptu*. Both arc cylindrical animals with the mouth 
at one end and the anus at the other. The introvert is short, 
and is covered with rows of ehitinous spines, which ure con- 
tinued to some extent over the body. 

The skin is folded in a series of rings, and the body is usually 
somewhat swollen posteriorly. P. caudatus bears a curious caudal 
appendage,' beset with a number of hollow lobes somewhat grape- 
like in appearance. This .is situated ventral to the anus ; its 
lumen is continuous with that of the body-cavity, but it can be 
separated from it by the action of a sphincter muscle. Two such 
appendages exist in P. bicandaim. 

There cannot be said to be any head in the Priapuloidea ; they 
have no tentacles or tentacular fringe, no proboscis, and no 
.^distinct brain; simply a round aperture, the mouth, which is 
surrounded by u groove in the skin, at the bottom of which 
the circumoesophageal nerve-cord lies. The mouth leads into a 
very muscular pharynx lined with stout ehitinous teeth ; this 
passes into an intestine, which is us a rule straight, 'but in P. 
glandifer it has a single loop. 

. The Priapuloidea possess no vascular system and no brown 
tubes. Their skin has in the main the same structure as that of 
the Sipunculids, with spines, glandular ladies, and papillae with 
sensory hairs which resemble similar structures on l J hymo8oma 
varians. Retractor muscles arise from the longitudinal muscles 
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of the skin, aiul are inserted into the phurvnx ; they are short and 
not constant in number. 

The nervous system has retained throughout its primitive 
connexion with the epidermis. In almost all animals the 
nervous system is formed from the epiblast 
or outermost cellular layer of the embryo ; 
it usually, however, breaks away from this 
and sinks into the body. Thus in Sipttv- 
eulnst it lies within the Inaly-cavity, ami 
has retained its primitive connexion with 
the outer Layers of the skin only in the 
region of the brain ; but in the 1 ’riapulids 
the nervous system, which consists of a ring 
round the mouth and of a ventral cord, 
lies eml>edded in the skin, and the nerve 
cells are directly continuous witli the cells 
of the epidermis. The nerve-ring lies at 
the base of u groove in tlie skin, which 
forms a kind of gutter round the mouth ; 
tiie ventral nerve-cord is visible exteriorly 
as a light line which marks the ventral 
surface of the animal. T11 110 place is the 
ring or cord differentiated in any way, and 
there cannot be said to l>e any brain or Mouth surrounded by 

• J spines. 

special sense-organs. Numerous nerves are 

given off from the ring to the pharynx and intestine, and from 
the cord to the body-wall. 

JThe sexes are distinct, but they differ from the other Ocphyrea 
in the nature of their reproductive organs. I11 mature specimens 
the ovaries or testes are' easily recognisable, lying to the right 
and left of the' alimentary canal The reproductive glands are 
continuous with ducts, which act as oviducts and vasa deferentia 
respectively. Both glands and ducts are attached to the body- 
wall by a mesentery. 

The excretory function is performed in the Priapuloidea by the 
ducts of the generative organs. These are primarily connected 
with a number of branching canals’ of small size which project 
into the body-cavity. According to Schauinsland , 1 one or more 
pear-Bhaped cells are found at the end of each branch, and each is 
1 Zool . Anz\ ix. 1886, p. 574. 
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continued into a long cilium which hangs down into the lumen 
of the canal, and by its movement produces a flickering motion. 
Beyond the free end of the large cilium the canal is lined with 
ciliated cells. The remarkable resemblance this form of excretory 
organ presents to that, of the Platyhel mint lies (vide p. 25 ) and 
of certain Chaetopods is worthy of attention. In the young 
J’riapuloidea the duct with its branching canals is not masked 
by the generative organs, but as the animals become mature, 
diverticula from the duct arise, and the cells covering these become 
modified into ova in the female, and into spermatozoa in the 
male. The presence of these follicles masks the excretory part 
of tint gland. The ova and spermatozoa escaj>e through the 
ciliated ducts which open to the exterior one on each side of the 
anus, and, contrary to what is the case with other (iephyrea, 
leave the body without having ever been in the body-cavity. 

Nothing is known of the embryology of either member of this 
family, but both genera appear to he sexually mature from the 
end of May until Octolwr. 

Classification. — The two genera which make up the Order 
l'riapuloidea are eharacterised as follows : — 

Prirtpvlus . — The body is continued into one or two caudal 
appendages, beset with hollow ptpillae ; these are ventral to the 
anus. The introvert forms -j- to } f - of the total body-length ; it 
is covered with spines in conspicuous longitudinal rows, the rest 
of the body being ringed. The retractor muscles are numerous, 
and are attached to the body-wall, some anteriorly and some 
posteriorly. 

The genus includes the following five species: — 

P. muilatuii Lain. (Fig. 2 1 8). link Coasts of Given laml, Norway, Great Britain, 
the North Sea, and the Baltic. 

P. licandutiis Dan. I fob. North Sea and Arctic Ocean. 

P. ylnndifer Killers. Hub. Coast of Greenland, North Sea. 

P. breviruudufus Ehlers. Hub. North Sea and Baltic, from ten fathoms. 

P. t ubercuhttu-»jHiiosu8 Baird, llak Falkland Islands. 

Halier yptux . — No caudal appendages. Introvert x \ x to X- of 
the total laxly length, with numerous spines arranged in close 
circles, detractors numerous and all attached to the body-wall 
anteriorly. 

H. spinuloKus v. Sieb. (Fig. 219> Hub. North Sea, Arctic Ocean, and Baltic, 

- in from two to fifty fathoms. 
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It will lie noticed that with the exception of P. tuhercuiato- 
spinotitts, described by Baird from a single specimen, the. whole 
family is confined to northern seas. 

Habits.- — The newly-captured specimens of both P. ravdtUux 
and H. *pinido*H8 arcs of a flesh colour, with a somewhat metallic 
sheen. According to Apel, the latter lived 
in an aquarium for more than five months, 
whilst the former died during the. first 
month. Wlnm first introduced into the 
aquarium they immediately began to busy 
themselves in the mud or sand at its 
bottom, and very seldom showed themselves 
above it. They forced their way into the 
sand by alternately contracting and extend- 
ing their introvert, and the Priapuftts 
arranged itself so that a portion, often a 
very small one, of its caudal appendage', was 
exposed to the water ; this fact supports the 
view that the appendage is respiratory in 
function. AVlum the animal buries itself 
deeply, the api>endage does not relinquish its 
position at the surface of the sand, but 
stretches itself until it in some cases sur- 
passes the length of the body. On the other 
hand, JftfUrn/ptux (Fig. 219), according to 

the same observer, lies with the anterior the^IosiUon "of ^tiie 
end, the mouth, projecting from the surface ventral °nerve.corii ; V/? 
of the sand, or else it curves itself, so that n,< ? lltl1 surrounded by 
both ends project into the water. 

Leckenby, who described specimens of P. vaudatus which 
were found by fishermen searching for worms for l>ait in the 
outer harbour at Scarborough at half tide, states that they live 
in sandy clay in U-Hhaped tubes, at a depth of about 9 inches, 
the tubes opening at each end on to the surface of the sand. The 
fishermen of this district call them “ sea mushrooms.” 

Hfi/ivri/pkiH casts its cuticle in May and September; it 
becomes loose first at the hinder end, and the split between it 
and the skin grows forward until the animal lies - free in a 
.cuticular mantle. After some days this is split, and the animal 
frees itself from it ; the cast-off cuticle includes for a short dis- 
vol. n .2 k* 
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tance the lining of the mouth, tins anus, and the two generative 
pores. 

HI. Order Echiuroidea. 


Anatomy. — The most striking peculiarity «»f the Kelli uroidea, 
as opposed to the other two families of the. (jephyrea, is the 
presence of a solid dorsal outgrowth of a portion of the head, 
forming the proboscis. The. nature of this proboscis is something 

iplite. different from that 



Fn;. *£ 20 . - - A. Jlnin'llia rifidix linl., 9 : B. />. fidi- 
#/////«//. Both nut. si/.i a . #/. Grooved proboscis ; 
b, moil tli ; /■, voutral hooks ; d % anus. 


of the introvert of the 
Sipunculoidea ; it would 
appear to correspond to 
an extension, in the mem- 
bers of the last-named 
< )rder, of that part- of the 
bead which is dorsal to 
the mouth and is covered 
by a peculiar pigment- 
ejat helium, often in con- 
tinuity with the brain. 
In its outgrowth this 
portion of the, body has 
curried with it the nerve- 
ring and Hie vascular 
ling, which both sur- 
round the mouth. The 
proboscis is found in all 
the genera with the ex- 
ception of the aberrant 
genus rtfircosnniti. 

The body of the 
female lhnuHut riridia. 


one of the best known 
species of Echiurids, is shaped like a small sausage, and is usually 
about 2 inches long. The proboscis arises from the anterior 
end. and is extremely extensible. At the distal end the proboscis 
splits into two short arms, which are often recurved; along the 
whole ventral surface runs a groove lined with cilia, which by the 
approximation of its edges can be converted into a tube. At 
the bottom of the proboscis the groove opens into the mouth. 
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Behiurm , Thalassema, and the female Hamivgia have short pro- 
boscides, which do not bifurcate but otherwise resemble those 
of the female Bnndlia. 

The green colour of B. viridix is due to a special pig- 


Ftci. 221. — View of a 
female Hour. Ilia 

ri ri/il is Kol., opened 
along the left aide, 
x 2. Proboscis 
eut short ; h, n bristle 
passed through the 
mouth into the pha- 
rynx : r. convoluted 
intestine ; r /, anal tufts 
or vesicles ; <■, ventral 
nerve-cord ; j\ ovary 
borne on ventral 
vessel 1 running 
parallel with r; //, 
position of anus /i, 
points to position of 
xteruul opening of 
lepliridiiim ; #, neph- 
ridium. This line is 
m a level with the 
literna] funnel- 
shaped opening. 


ment, “ Bonollein ” which at one time wtis thought to he 
identical with chlorophyll. A similar green colour is found in 
Hamingia arctica , Tkalaxscma baronii , and the larvae of many 
forms. 

A short distance behind the mouth, on the ventral surface, 
the female Bonellia and both sexes of Thalaxxewa and Jichturux 
bear two incurved stout chitinous hooks; these gave* the name 
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Gephyrea Arniata to the above-mentioned genera. In addition .; 
to those, Kr /nit nts 1ms a row of chitinous bristles surrounding 
the posterior end of the body; the row is single in H. unicinctus, 
double in K pulftisii. These bristles are formed, like the hooka 
on the introvert of the Sipunculoidea, by epidermal cells; those 
of J>. minor and of the posterior rings in Uchiurus are said to 
arise each from a single cell, just as the bristles do in Choetopods. 

The skin consists of very much the same layers as does that 
of tfipuncufu# ; the cuticle is thin, the epidermis is modified into 
numerous glandular cells, papillae, and pits, from which the ' 
bristles arise. A third layer of oblique or circular fibres is 
usually found inside the longitudinal muscle-layer. The proboscis 
is solid, and contains much connective-tissue, and numerous muscle- 
fibres running in all directions ; the ventral groove is ciliated. 

The alimentary canal in the Ecliiuroidea consists of a long 
thin-walled tulie with numerous convolutions; it is not coiled us 
in Sipunculids, but the loops are irregularly arranged, and are 
supported by numerous tine muscular strands which run from the 
skin. There is a ciliated groove running along one side of the 
intestine, as in the Sipunculids. The anus is terminal. The 
most striking peculiarity of the. alimentary canal of the Echiurids 
is the existence of a collateral intestine or “ siphon.” This is a 
.narrow tul»e which arises from the main canal not very far 
from the mouth, and re-enters it again lower down. A similar 
structure occurs in some Echinids, and in the Capitelliformia • 
(pp. 272, :»05). Its function is not certainly known. 

Another characteristic feature of the Echiurids is the presence 
of “ anal vesicles,” brandling structures which unite into a common 
stem opening into the intestine close to the anus. The free end 
of each of the branches terminates * in a ciliated funnel-shaped .. 
owning. The function of these structures may be excretory, or 
they may control the amount of fluid in the body-cavity. 

A dosed vascular system exists in Echiurids, consisting of a 
contractile dorsal vessel running along the dorsal surface of the V 
anterior end of the alimentary canal, and continued along tlie.axis 
of the proboscis. At the tip of the proboscis it bifurcates, and 
each branch descends along the edge until it reaches the base where, . ; 
having encircled the oesophagus, the two unite, and are continued ■* 
as the ventral vessel which runs aloug the dorsal surface of the nerve- ;• 
cord, and eventually , ends blindly. There is also a vessel which 
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passes from the ventral vessel and encircles the intestine, opening 
into the posterior end of the dorsal vessel. In Echiurus the 
same vessel encircles a stout muscle which runs from the. base of 
one of the ventral bristles to the other. In Thai a surma Lankester 
states that the fluid within the vessels is colourless, and does 
not contain corpuscles similar to those in the body-cavity fluid. 

The "brown tubes” or nepliridia vary in number in the 
Echiurids. In the female Bonellia there is but one. : in B. rind is 
the right, in B. minor the left usually persists. hi shape, 
colour, contractility, and minute structure they closely resemble 
those of Bipuncuius . Hamingia is said to have a pair of brown 
tjibes; Echiurus has two pairs, except E . chilcnsis , which has 
three ; their internal openings are produced into long coiled slits 
in some genera. Thalassema gigas has one pair; 77/.. nrptuni, 
Th. baronii , Th. furmosulum, and 77/. exilii, two : whilst 77/.. 
vegrandc, Th. muebii, Th. crythrogrammon , Th. caudcx, and Th. 
sorbUlans have three pairs. 

The nervous system consists of a ventral cord lying in the 
body-cavity, as in the Sipunculoidca, but attached to the skin, 
and of a cireumoesophageal ring. With the growth of the pro- 
boscis this ring is drawn out, and the two brandies run along 
the sides of the proboscis and unite at the tip. There is no 
specialisation of brain, nor are any special sense organs present, 
but the ventral cord gives oft* paired nerves at regular intervals, 
which, uniting dorsally, form rings in the skin in some and prob- 
ably in all species. 

The perivisceral fluid is of a dark brown colour in Thalassema , 
containing numerous spherical corpuscles deeply impregnated, 
according to liinkester, with haemoglobin, and also containing . 
granules of a brown pigment. Haemoglobin is also found in 
certain of the muscles and in part of the. epithelial lining of the 
body-cavity. Lankester also describes the presence of haemo- 
globin in the corpuscles of the perivisceral fluid in Hamingia. 

The genital glands are, like those of the Sipunculoidca, formed 
by a special development of the cells lining the body-cavity. 

' These cells are massed together along the wall of the ventral 
blood-vessel. In Echiurus and in Thalassema the cells break off 
and float in the body-cavity, developing into ova and spermatozoa. 
.In Bonellia each cell does not become an egg, but a mass of cells 
breaks off, one of which increases in size at the expense of # the 
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others and forms tin 1 ovum. Tin; mature sexual cells leave the 
body through the nephridia. 

JioneUiu and Ifnmitnjiu- present very interesting cases of 
sexual dimorphism. Tu both genera the female is an animal of 



FlO. 222. — An adult male Hon- 
rj/ia riritfis llol. The ori- 
ginal was 1 T» min. long. 
Thu nervous system is not 
shown. (Alter ttelcnka.) #/, 
(lenurative pore with sper- 
matozoa coining out ; b, an- 
terior blind end of intestine 
attached to the parenchy- 
matous tissue hy muscular 
strands ; r, green wandering 
cells containing chlorophyll ; 
if, parenchymatous connective- 
tissue : e, epidermis : u intes- 
tine ; vns deferens ; /, in- 
ternal opening of vas deferens ; 
w, the left anal vesicle ; n f 
spermatozoa in the body- 
cavity. 


considerable size with the normal structure of the Echiuroidea, but 
the male (Fig. k ±22) is a microscopic Planarian-likc animal, which 
lives in the mouth and in the nephridia of the female. Both in . 
Bondlia 1 and in Haminyia the male is provided with a pair of 
hook -like ventral bristles; these are wanting in the female 
Haminyia . The surface of the male is ciliated, and the skin 

• 1 This is not true of all spocius. 
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contains circular and longitudinal muscle-fibres. The body-cavity 
is developed, but does not reach to either end of the body. The 
alimentary canal is closed, neither mouth nor anus existing ; it 
is supported by regularly arranged dorso-ventral muscle strands. 
A nerve-ring and a ventral cord exist. There are also two 
rudimentary organs corresponding with the unal vesicles of the 
female, and a single nephridium which acts as a duct for the 
spermatozoa; the latter arise from modified cells lining the 
body-cavity. 

In both sexes the larvae develop to a certain stage without 
showing any trace, of sexual differentiation, but after this stage, 
the development of the male is to a certain extent arrested; in 
some respects, indeed, it undergoes retrogressive changes. At 
this time it is found (dinging to the proboscis of the female, 
thence it makes its way to the mouth, where it undergoes its 
final change. ; and then creeping out, finds its way into the nephri- 
dium of the females and spends the rest of its life there in 
a special recess cut off by a fold from the excretory part of this 
organ. In Hantinyin , however, Lankester, who first described 
the male, did not find any in the nephridin, but found live 
specimens, each ^ inch long, within the dilated pharynx of 
the female. 

Development. — III Jionellia and Hamingia it seems probable 
that the ova are fertilised in the nephridium of the female : in 
the other genera they are fertilised in the water after leaving the 
body of the mother. 

In Tkahtxsnnu and JirMurus the growth of tin? embryo results 
in the formation of a typical Trochosphere larva, a type widely 
spread in the animal kingdom, l>eing found in the Chaetopoda 
(Fig. 145, A), Polygon (p. 510), and Mollusca. The large prue- 
oral lobe persists in the Echiuroideu as the proboscis ; the mouth 
is ventral in position, with usually a ring of cilia encircling 
the body in front of and behind it ; the anus is posterior and 
terminal. A pair of larval excretory organs are present, and a 
special nervous aggregation of cells at the apex of the prae-oral 
lobe is usually indicated by the presence of a bunch of long 
cilia. 

The . trunk of the Trochosphere is unsegmented, and in 
certain groups of auimals it remains so, but in Chaetopods, and 
in JEchiurus and Thalassema , it elongates and becomes divided 
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up into u suries of somites or segments. Of these there are ■ 
fifteen in JiW# iurns, and apparently eleven in 
Th. mclllta ; in this stage the (Jophyrean 
larvae liave ngain so close a resemblance to 
the segmenting Chaetopod larvae as to he 
easily mistaken for them. The segmentation 
is shown in the following way : (i.) the 
middle layer of cells or liicsoblast is typically 
segmented, and forms septa, which separate 
each segment from its neighbours ; (ii.) the 
ventral nerve - cord arises as segmentally- 
arranged thickenings of the epihlast, which 
fuse together, but retain their segmented 
appearance for some time ; (iii.) the skin shows 
the segmentation of the body both by the 
arrangement of the pigment and hy bands of 
cilia. The latter are replaced in the adult by 
rows of spines, and on the fourteenth and 
fifteenth segments in Echiurnx jxtllasii hy 
the two peri-anal circles of bristles. Each 
Fin. Kchiim |, r i s tie, like those of Chaetopods, originates from 

putlasu (rucr. x . . 1 a 

<i t Mouth at the .Mill a Single Cell. 

of the grooved pro- Tlie anal vesicles arise quite late in the 
hooka ; f. anus development; when they have acquired their 
openings into the body-cavity, they seem 
to take in water. In Thala&stma, as described by Conn, this 
is accompanied by remarkable changes, amounting almost to 
a metamorphosis. The hotly increases in bulk fourfold, the 
cilia of the prae-orul ring disappear, and the animal' now moveH 
only by means of its proboscis; the pigment is absorbed, and all 
traces of segmentation disappear. A similar intaking of water 
is described hy Spengel in Butidlia. In this genus the larva, . 
which is coloured bright green, and has two brown eye-spots, is . 
not such a typical Trochosphere us is that of Echiurus and *■ 
Thalasxema. * . ■, 

Nothing is known of the development of Haminym or of ‘ ' 
Hue co annul. . ) 

Species of Echiuroidea. — Ech mrws. Proboscis not bifurcated 
at the end. Two ventral hooks and a single or double peri- . £ 
anal ring of bristles. The body is to a varying extent marked 4 
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by rings bearing spines. Two or three (K chilensis ) pairs of 
nephridia, their external oriiice often lengthened and spirally 
coiled. Both sexes alike. 

Greef 1 mentions six species of Echinrus , viz. E. pallasii, E. 
forcipatus , E. sitchaensis, E. chilensis , E. carabaievs , and E. 
chrysacanthophorus ; to these must be added E. unicinctus . It 
seems probable that E. forcipatus of Reinhardt is identical 
with E m pallasii, although bigger, whilst E. sitchaensis , E. cam- 
baicus, and E. chrysacanthophorus are inadequately descrilied. 
The distribution of the remaining three species is as follows : — 

E. pallasii Guerin (Fig. 223). North Sea, Atlantic, English Channel. 
E. unicinctus Drasclie. Japan. 

E. chilensis Max Muller. Chili. 

Tha/assema . — Proboscis rather pointed at the end, not bifur- 
cated. No peri-anal bristles, but two ventral liook-like bristles 
placed {interiorly. One to three or four pairs of nephridia. The 
sexes resemble each other. 

Greef mentions eight species of Thalasscma and Rietsch 
thirteen; three of these, however, Th . yrohmanni , Th. lessonii, 
anil Th. pchelnii , were not seen by either author, and their 
description is taken from Diesing. Thera is some reason for 
thinking Unit the two first-named species are identical with Th. 
neptnni. Conn has established a new species for the specimens 
whose embryology he worked out at Beaufort, Virginia, and 
Selenka described a new species from the Challenger material. 

With the exception of the three doubtful species mentioned 
ubove, the list of species of Thalasscma is as follows : — 

Th. neptuni Oaertner (Fig. 224). English Channel (Devonshire coast), Con- 
carncan, Mediterranean (Gulf of Marseilles), Irish coast (Dungarvan). 
Th. gigas Max Muller. Trieste. 

Th regrande Lumpert. Philippine Islands. 

Th. baronii Greef. Canary Islands (Lanzarote), 

Th.formosnlmi Lamport. Shanghai and Philippine Islands. 

Th. exilii Fr. Muller. Brazil (Desterro). 

Th. moebii Greef. Mauritius. 

Th. crythrogrammcn Max Muller. Red Sea and East Indies (Billiton). 

Th. cavdex Lampert. Red Sea and Indian Ocean. 

Th. aorbUlam Lampert Philippine Islands. 

Th. mellita Conn. West Atlantic (Beaufort). 

Th. faex Selenka; North of the Faroe Islands. 


1 Acta Ac. German, Halle, x li. Part II. No. 1, 1879. 
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Bonrllia . — Proboscis very extensible mid bifurcated at the end. 
The body and proboscis are coloured a bright green. Two ventral 
hook-like bristles, but no pcri-anal ring. A single nepliridium. 
The above applies to the female ; the males arc degenerate, and 
live in the nepliridium or pharynx of the female. 

Three (or four ?) species of this genus are known. 

It. viridi* Rolando (Fig. 220). Mediterranean, Adriatic, North Sea (Bergen). 
II minor Marion. Mediterranean (Gulf of Marseilles, Naples). 

Ji. nuhniii Selonka. Off Nova Scotia. Male not known. 

B. fuliginom Rolando ? (Fig. 220). Mediterranean (Naples). 

Htnningia — Proboscis not bifurcated, about as long as body. 
No ventral book-like bristles. One. or two nephridia, whicl\ 
ojieu at the apex of one or two well-marked papillae. The 
above applies to the female ; as in the genus Jtunclh'rf , the male 
is minute and parasitic. Tt. has two well-marked hook-like 
bristles situated liehiud the genital pore. 

This genus was first described by Korea ami Danielssen as 
If. tnrfira. Two specimens were afterwards described by Horst 
as H. (/Ittrialis. Later Lankester described two other specimens; 
he was the lirst to find the male in the pharynx of the female. 
He is of the opinion that all three descriptions apply to the 
same species, and for this the original name If. a retie a must be 
retained. 

Hamvntjin tnrtica K. and I). Two hundred miles north of North (.’ape and 
in the Ilardangcr Fjord. 

Sammmn . — No proboscis. The 1 body is flask-shaped. The 
mouth and anus are terminal. The ovary is anterior, and there 
is only one nepliridium. No bristles. 

Our knowledge of this remarkable (iophyrean is very incom- 
plete. but such as it is, it is due to the careful investigations of 
Koren and Danielssen, who had only a single specimen at their 
disposition. 

S(trco*o7na vitreum K. and D. North of the Faroe Islands. 

Habits of the Echiuroidea. — As a rule the ineinliers of this 
group conceal their bodies in clefts and fissures of rocks and 
stones, keeping up communication with the. outer world by means 
of their proboscis. Rietscli 1 descries a specimen of Iionellia 
minor , which he placed in an aquarium, exploring with its pro- 
1 Itccueil Zool. Same, iii. 1886, p. 313. 
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boscis the nature of the Ixittom ; when the animal had found 
a convenient crevice, it fixed its proboscis in it by meuns of 
the bifurcated end, and by its contraction drew the body up, and 
entered the hole, proboscis first. Tt then turned round, and during 
this operation doubtless the ventral hooks came into play; and 
then st, Hitching out its proboscis, it begun to explore, the 
neighbourhood. The proboscis is evidently very sensitive, .and 
in addition to being a locomotor organ, it is also used for the 
prehension of food. If cut off near the mouth, the animal does 
not long survive, but if a considerable portion is left the scar 
heals, ami the lost part is probably regenerated. In captivity 
the animals frequently change their place of residence. 

Eisig some years ago described the great extensibility of the 
proboscis of B. virufis when confined in the tanks of the. Zoo- 
logical Station at Naples. When contracted the proboscis was 
but a. few inches long, but at times it was extended till it reached 
the length of .11 metre, shining through the water as a 
transparent green thread. The body of the. Bon cilia was 
hidden under stones, but the proboscis could be. seen seizing 
between its two ends the bodies of certain Ascidians which 
covered the inside of the tank, tearing them oil* the walls, and 
conveying them to the mouth ulong its grooved ventral surface. 

The food of the Eehiuroidea consists of organic matter, in 
the main of animal nature, but the group differs from the 
Sipunculnideu in not eating sand. 

Kietsch describes Thalassema neptuni as being more active in 
its movements and less seden- 
tary than B. winor. The 
proboscis is still the chief 
organ of locomotion, but the 
trunk plays a greater part in 
the movements of the animal 
than it does in the last-named 
species. 77/. neptuni is found 

in cavities of stones or ill Fr<; - 224 - " Thalassema neptuni. Gaert. x 2. 

, , . . ^ . A, The animal lying on its ventral surface, 

the Chambers worn out by B, Ventral view of the anterior end, sliow- 

the Mollusc G(l8trochaena ; ii‘g the grooved proboscis Hiding behind 

_ . in the mouth, and the ventral hooks. 

when withdrawn lrom its 

house the body is found to be covered by a thick layer of 
tenacious viscid mucus. 
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77/.. met l it a was so named by Conn because it is found 
sheltering in the Echinid McUita . “ It enters the shell at 
the oral opening while yet very small, but once within its house 
it grows to its adult size, and is obliged therefore to remain 
during the rest of its life a prisoner.” Each shell thus inhabited 
acquires a reddish brown hnrse-shoe-shaped marking, which 
affords a conspicuous signal that the shell contains a Thafassema. 

Tkalassr.ma is seldom found living in sand, and Boncllia never, 
but Echinrus is almost always found in U-shaped tubes or 
passages in the sand, which it digs out for itself by the rapid 
contractions of its body-wall aided by its bristles. It, like the 
other two genera named above, does not long remain in the same 
hole, but frequently changes its home. As a rule the Ecliiurm 
sits near the mouth of its tube, which is often a foot or even 
two in depth, and sends out its proboscis in every direction ; at 
the least sign of disturbance it withdraws into the deeper recesses. 
The walls of the tube are kept from falling in by a layer of 
mucus, which makes a smooth lining to the passage. The peri- 
anal bristles, which can be withdrawn or protruded at will, 
enable the animal to fix itself at any level in the tube. 

The Echiuroidea are sometimes used by fishermen as bait. In 
Eckiurus pal las Li Greef found three parasites, all of them new 
species.' One, a Gregarine, he named (Jonurhynclius gibbosus ; the 
others were riatyhelminthes, and were named by him Distomum 
t ch'iur i and Xc m ertoscol cm jh t rmi ti r ns respectively. 

IV. Order Epithetosomatoidea. 

This Order includes the single Family Epithetosomatidae , which 
was established by Koren and Daniel ssen to contain the re- 
markable Gephyrean they described in 1881 under the name 
Epithetosoma norregiemn (Fig. 225). 

Unfortunately only two specimens were at their disposition/, 
and these were badly preserved, so that many details of their 
structure could not l)e made out. The animals ore of an- olive- 
green colour, and consist of a trunk about 12 mm. long, and 
of a proboscis 80 mm. iu length; the latter • differs essentially 
from the proboscis of the Echiuroidea inasmuch as it is hollow,, 
and seems to be a whip -like tubular extension of the skin. - 
Its lumen opens into the body -cavity. Ventral to the base 
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of the proboscis is the mouth ; the intestine is straight, ami 
terminates in the anus, which is posterior. The nervous system 
lies between the circular ami the longitudinal 
muscles of the body-wall, and contains a 
tube, the nature of which is obscure. No / a \*' a 

vascular system is known. The ovary is / \ 

attached to a mesentery ventral to the 1 1 

anterior part of the alimentary canal, and n f I J 

there is a single nepliridiuiii. No anal \j // 1 m I 

vesicles exist.- l ! I Mi 

The most remarkable feature of the genus ft ■ f 

is a series .of pore-like, openings, which arc I m \ 

stated to lead from the outside into the I I \ 

body-cavity ‘(Fig. 22o, a). These arcs I J 

arranged four on each side, at the l>ottoiu I ■ / ‘ 

of two slit-like depressions in the skin, LM 

which lie one on each side of the base, of 
the ])rohoscis, slightly dorsal to it. 

These remarkable structures are with- n 

out parallel amongst the Gephyivu, and, ® jl—c 

together with the peculiar character of the ^ i 
proboscis, justify the Norwegian naturalists / \ 

in adding a new family to the group. j | a\ » 


Affinities of the Oephyrea. 


Before considering to what other groups 
of animals the Gephyrea may Ixj allied, it is mngniiied. a, a, Right 
. advisable to discuss the relationship of the thepores*; 1 ^ fr, iMuth*:* 
four Orders which compose the group. proboscis : b, the same 

Quiitrefuges, in the year 1805, divided 

the Gephyrea into 1. Gcvhyrm Armatu, c > proboscis ; </, brown 

, , . 1 1 1 li ' v 1 • .1 tube. (After Dou&elsscu 

with which lie included the hchiuroidea ami Koran.) 

and Sterna spis, 1 and II. Gephyrea Inermia 

or Sipuneuloidea. The Gephyrea Inermia, sometimes called the 

Achoeta, have been extended to include the Order Friapuloidea, 

ami opposed to the smaller sub-group the Gephyrea Arnuita or 

Chaetifera. In my opinion, however, these names now are no 

longer in accordance witli our knowledge of the structure of the 

• 1 Vide p. 
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animals they attempt to describe, and they should he given up. 
Both names had reference to the presence or absence of the two 
hook-like bristles descril)ed on the 1 ! ventral surface of some of the 
Echiuroidea, but of the five genera of this family, two, tfmxnsoma 
and Haminyin (the latter in the female or normal form), are 
without these bristles, and can therefore l>e deseril>ed neither as 
Antuita nor as Chartiferu. On the other hand, hook-like chitinous 
bristles of somewhat the same nature, though smaller in size and 
varying in position, are very common on the introvert of Sipun- 
culoidea and on the body of the Priapuloidea. 

Again, the association of the two last-named Orders in one 
sub-group is, to my mind, an error. The Priapuloidea have 
little in common with the Sipunculoideu : almost the only 
real point of resemblance is the power of protruding the 
anterior part of the alimentary canal, and withdrawing it 
by the aid of retractor muscles. But in the Priapuloidea this 
power exists to a very small extent, and it is a. power shared by 
very many animals liesides tin* Uephyrea. The terminal anus 
of the former is a feature allured by the Echiuroidea and by 
EpithHoxonw, but these have little else in common with the 
Priapuloidea. On the other hand, the entire absence of any 
head apjieiidages, such as the proboscis of the Echiuroidea and 
tlie tentacles or tentacular membrane of the. Sipunculoideu, the 
absence of a vascular system, of nephridia or anal vesicles, taken 
together with the straight intestine which occurs elsewhere 
only in Epithetosimin, the persistent connexion of the nervous 
system with the epidermis, the unique character of their excretory 
system and of the reproductive organs, are all features in which 
the Priapuloidea differ from the more normal members of the 
other three Orders. These constitute, a list of peculiarities which 
are at least as important, and proluihly even more important, than 
those which characterise the Sipunculoidea and the Echiuroidea. 
Thus the Priapuloidea should, I think, be regarded as a distinct 
Order, which occupies a very isolated position in the group. 

Until we know something about the development of llaH- 
cn/ptus and of Priapidum, it will be difficult to say whether the 
Order is more nearly allied to one or the other of the two great 
Orders of (lephyrea, whether it is very primitive or very 
specialised. The connexion of the entire nervous system' 
with the epidermis and the absence of a vascular system are both 
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rather primitive features, ami so is the Platyhelminthino character 
of the excretory organs. With regard to the vascular system, 
however, it should be pointed out that it arises very late in the 
larva of those Gephyrea whose development is known, and that 
it does not seem to correspond with the vascular system of other 
animals; it has no fine vessels or capillaries connected with it, 
and apparently does not act so much as the channel of the 
circulatory medium, but 11101x5 as a mechanism for the expansion 
of the head appendages, the tentacles in the Sipunculoiden and 
the proboscis in the Echiuroidea; moreover, it is absent in some 
genera of the former, such as Onchnesunut, Tylosoiiw, and Pda- 
/osfomtt, where there are no tentacles. 

The conclusion of the whole matter seems to be that the 
Priapuloidea arc an isolated Order retaining many primitive 
features, and having no closer ullinities to the Sipunculoidea than 
to the Echiuroidea. 

Hatschek came to the conclusion, from his work on the 
development of Echinrus , that the Echiuroidea are true ,c An- 
nelids” and from the presence and mode of formation of the 
bristles, that they are related to the (-haetopods. In this view 
lie is continued by Conn, who worked out the development of 
Tlirtlasscmu . This relations! lip is further confirmed by the discovery 
of SI niters that Stmuwjris, the genus of Chaetopods which in 
other respects most nearly resembles the Gephyrea, has in one 
of its species (X spinom) a well-marked bifid proboscis, which, 
like that of the Echiuroidea, is thrown oil" at the least disturbance. 
Thus it seems fairly well established that the Echiuroidea are/ 
dowdy connected with the Clmetopoda, for although the only traces 
of segmentation they retain in the adult are the serial ly-repeated 
nephridia. of Tludamima and Echiuras and the two rows 

of peri-unul bristles in the latter, and possibly the circular nerves 
given off from the ventral cord, yet the larva is fully segmented, 
and in other respects is almost typically Chaetopodan. 

The relationship of the Sipunculoidea to the Echiuroidea is 
a more doubtful point. Hatschek is inclined to separate them, 
and in this he is again supported by Conn. Embryology unfor- 
tunately does not help us much. The early stages and larvae 
of Sipunculus n adits and of P/iascolosoma dong at am have been 
investigated by Hatschek and by Selenka respectively. In 
neither genus is there any trace of segmentation or of Annelid 
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% features, with the possible exception of the bristles on the larval. 
Phitscolo&oma . On the other hand, it must be remembered that 
the development of Sipunculus is remarkably abbreviated, and 
that such stages may have dropped out, the larvae hardly differing 
more from the Trochosphei^ of JSchiurus and Thahmevm than 
does that of JJonellia, an undoubted Echiurid. Still the facts 
that there is never a head-kidney present, that there is no trace 
of segmentation, and that at no stage is the anus terminal, must 
have a certain weight. 

If we leave out of account the larval history, which, although 
pointing to a difference in the nature of the two families, is by 
no means decisive, and consider the adult structures, we find 
very considerable evidences of affinity. Taking firstly the. main 
points of difference, we find these to be (i.) the nature of the 
cephalic appendages, either a proboscis or some modification of 
tentacles; (ii.) the position of the anus; (iii.) the presence of 
anal vesicles ; (iv.) the miml)er of the nepliridia, never more than 
one pair in Sipunculids ; and (v.) the difference in origin of 
the chaetae. Of these most undoubtedly the first is the most 
important. The Echiuroidea have retained the prae-oral lobe of 
the larva in the form of a solid outgrowth of the body, which 
outgrowth lias carried with it the nerve-ring and vascular ring 
which surround the mouth. This has been lost in the Sipun- 
culoidcu, but is, I thijik, represented by a modified patch of 
epidermis which lies dorsal to the mouth and just above the 
brain. A solid extension of the skin in this region, which 
involved the nervous and vascular systems, would bring about 
the same relation of parts as is found in the Echiuroidea. 
The tentucular membrane or tentacles of the Sipunculoidea have 
such a variety of form and arrangement, whilst all subserving 
the same end, that I am inclined to believe that they have origi- 
nated within the limits of the family. 

The position of the anus in the Sipunculoidea is one common • 
to very many animals which live embedded in sand dr in 
tubular holes ; it is probably not primitive, as in the larva of 
Sipumulvs it is near the posterior end, and becomes more dorsal 
as the larva elongates. 

The anal vesicles of the Echiuroidea probably have no repre- 
sentative in the Sipunculoidea. In appearance and position they 
are very like the little tufts which are found on the rectum of * 
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Sipuncidus, but since these open neither into the body-cavity nor 
into the alimentary canal, it is hardly fair to compare them. 

The resemblances between the Orders seem to me, on the 
whole, to outweigh the differences. The general structure of 
the, skin, the coiled alimentary canal, with its ciliated groove, 
supported by strands of muscles, the vascular system which 
gives off no capillaries, the structure of the biown tubes, the 
existence of chitinous hooks or bristles, the nervous system with 
its single unsegmented ventral cord, the formation of the generative 
organs, all point to a sufficiently close resemblance to justify us 
in classing the two Orders together. In addition to these 
there are considerable histological resemblances which cannot 
be discussed here, but which have a certain weight. 

To sum lip, it seems probable that the Echiuroidca arc derived 
from the Chaetopoda, and that their nearest ally in this group 
is Sterna a jii.s ; and that the Sipunculoidca are allied to the Ecliiu- 
roidea, but have further departed from the Annelid stock, and have, 
lost even those traces of aflinity with the parent group which have 
been preserved in the development of Echiurv# and Thu! ass*' uut. 

* So little is known of Epitketosomu that it is difficult to 
discuss its affinities. The presence of the hollow proboscis and 
the pores leading into the body-cavity undoubtedly justify its 
being placed in a separate Order, but beyond the presence of a 
terminal anus, in which it resembles the Eehiurniden, there is 
nothing in its structure which connects it more Hourly with one 
than with the other of the three laiger Orders of Oephyrea. 

List of Gephyrea found in the British Area as defined by 
Canon Norman. 

Phuwolosoma vul/nre Blainv. English Channel ami North Sea. 

„ ulomjtihim Kef. English Channel. 

„ juipillomui Thom. English coast. 

,, tiiviiiitn Sara . North Sea. 

„ prucerwm Moeb. Hass Rock. 

Phasculinn strmnbi Mont. . English coast (Plymouth). 

SipunailM nuda* L. North Sea, English Channel (Paignton, Teign- 

inouth). 

1 Goljinyia macintunhii Lank. . East const of Scotland (St Andrews Bay). 
Petaloatoma viinutnm Kef. . English Channel (Plymouth). 

Priajmlus caudatus Lam. . Scarborough, Outer Hebrides. 

Ediiurua palladi Gultrin . Coast of Scotland, English Channel. 

■ ThalasderfUt neptuni Goertner . English Channel (Coast of Devonshire). 

. VOL H 2 6 1 
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rilOKONlH 

1IIRT01IY HABITS STRUCTURE REPRODUCTION LAKYA META- 
MORPHOSIS LIST OF SPECIES AND LOCALITIES — SYSTEMATIC 

POSITION. 

This interesting genus was discovered and first described by Dr. 
Strethill Wright of Edinburgh, who in the year 18oG found 
specimens of it living on a stone with Ciirynphyll in sent to him 
from Ilfracombe. He christened the. form JVioronis Jiijywcrejiift, 1 
the generic name being apparently taken from an epithet applied 
to To, the specific name having reference to the beautiful horse- 
shoe shape of its tentacular crown. Two years later a closely 
allied or identical form was descrilied by Professor V. f J. van 
Heneden under the name of Crcjrina yntrilis* 

Phonmi* is a sedentary animal living in “colonies,” but each 
member of the colony is distinct, and has no organic connexion 
with the others, from which it is isolated by the presence of a 
tube in which it lives, and into which it can be completely with- 
drawn. The tube is formed from a secretion which probably 
has its origin from the anterior end of the l>ody-wall. The 
secretion hardens and forms at first a transparent coating, but 
it soon liccomcs opaque, and numerous sand particles, small 
pieces of shell, sponge spicules, and other marine objects adhere 
to the outside of the tubes, giving them a very characteristic 
appearance, and doubtless serving to protect the inhabitants 
from predatory animals. 

1 P. Phys. Soc. Edinb . vol. i. 1856, p. 165 ; and Edinb . New Phil. Jonrn. vol. iv. 
(n.s.) 1856, p. SI 3 ; Ann. Sci. Nat. 4th ser. vol. xi. 1859, p. 150; and ¥. D. 
Dyster, Tr. Linn. Soc. London , vol. xxii. 1859, p. 251. 

2 Ann. Set. Nat. 1th Bor. vol. x. 1858, p. 11. 
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AVliat little we know about the habits of Fkuronis is in the 

main duo to the observations 

of Cori, 1 * 3 who st udied Fit. j \mun- 

ttwphila at Faro, an inlet of 

tlie sea near Messina. The least 

disturbance causes the animal 

to withdraw its head with 

lightning rapidity into the 

tulio IVnm which iftcv a time F,a 22f, ““ A l««w ftf a matM colo »y of 
tuix, Horn WHICH Aim a umc ph.kninil.rskiiC. al.l. Slightly iiuitfiiifled. 

it re-emerges very slowly, and In most caw.* tli« tcntncuLir inaui is 
i j i .. . . i nrotrmliiif' from thu tube. 

does not expand its tentacular 1 b 

crown until its body is completely extended. Cori states that 
not iinfrequently individuals are found either without the crown 
of tentacles or with the latter in process of regeneration. Thews 
may have been bitten oil* by tish, etc. ; but, on the other band, 
van TVneden describes in Crrpina f/rartlis (Fit. hi ppm' rep in') the 
throwing oil* and regeneration of the crown of tentacles ; and 
Cori conlirms his observation, at any rate as far as coneerns 
those individuals kept in captivity, and whose surroundings were 
presumably somewhat unfavourable. He further observed the 
interesting fact that the. cast-oil* crown of tentacles continued to 
live, and suggests that possibly it may develop a new body, in 
which case the. phenomenon would be an interesting case of 
binary fission producing two new animals. 

With regard to the habitation of Fib. australis , the largest 
species known, some discrepancies have crept into the literature 
of the genus, and to prevent their recurring again it may be 
worth while to quote the statements of its discoverer, Mr. 
Haswell. - ’ He says : “ Fhoronis australis occurs in commun- 
ities of twenty to thirty, in spaces in the substance of the 
wall of the tube inhabited and formed by a species of Ccri- 
anthus. Each worm has a tube of its own, very delicate and 
transparent, made up of several layers, the mouth opening on 
the outer surface of the tube of the Cerianthus . The Cerianthus 
tubes sometimes come up empty, as we should nuturully expect, 
the animal having dropped out ; but a sufficient number of 


1 “lioitriige zur Alia tom io (lor Phoronis,” J natty. Dissert. Pray. 1889, and 

Zeitsehr. mitts. Zool. vol. li. 1891, p. 480. 

3 P. Linn. Soc. AT. S. Wales, 1st ser. vol. vii. 1883, p. 606 ; and 2nd ser. yol. 
vii. 1893, p. 340. 
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occupied tulies are fouml to allow that, under ordinary circum- 
stances, a living Cerinnthus occupies the interior of the tube 
and a community of Phnronis live in its wall. This species of 
Phorunis is never found anywhere else, and the species of Ceri- 
antkva is very randy found without the Phortnii s” 

Pit. australis is sluggish in its movements, hut other species 
arc capable of very active movement, and withdraw their 

heads in a moment at the approach 
of danger. A Neapolitan species, 
Ph. fow'tderskvi — known to the fisher- 
men of that place as “ Ficchetelli 
bianchi ” or “ Vermi di ceppa” — lives 
chiefly on submarine posts and piles : 
its tubes, closely interlacing, form 
a dense feltwork, upon which Asci- 
diuns and Sca-anemones often settle, 
and over which Ophiurids and Poly- 
Fio. 227. — A pirn* of :i nluiiy of7'A. cliaets Creep. The tubes of this 

CSL ,/ ^’JH‘ ri ^ui^' 1 'uT K l Kvi ‘‘ s ri-mk-ivd o]ni(jue by the 
rowroil iiy partiiios of wuui, excreta ejected from the body, and 
Niuull shells, etc. they do not attach foreign substances 

to the outside to anything like the same degree as Ph. psauuno- 
phila, which live in sandy places, anil are termed by the. Sicilian 
fishermen “ Tubi di sabbia.” The feltwork of Ph. Ivicafevskii 
attains a thickness of o to 8 cm. In each case the tube is much 
longer Ilian the animal it shelters, and is .so entangled with its 
neighbours, to which it frequently adheres, that it is a matter 
of considerable difficulty to isolate it. 

The various species of Phuronis differ a good deal in size : 
Cori gives the average length as varying from 1‘5 to 7'9 liuh. 
in Ph.kippoc repiu and up to 127 nun. (6 inches) in Ph. australis. 
.Probably the very short individuals of the first-named species 
had not attained their adult stature. Ph. australis has recently 
formed the subject of a memoir by I)r. W. B. Denham/ from v 
whom the following account is mainly taken. $ 

The length of the individuals varied from three to six inches, / 
ami their diameter, which is not very uniform, averaged one- 
eighth of an inch. At one end, which, since it liears the mouth, , 
we may call the oral end, is the very characteristic tentacular . 

1 Quart. J. J/iit. Sri. vol. xxx. 1890, j». 125. 
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crown surrounding the, mouth on fill sides hut one, where there 
is a slight break in its continuity. The crown of tentacles or 
lophophorc is llattened, and the two ends 
drawn out, find each is coiled into a spiral 
(Fig. 229) ; between the liases of these two 
spirals three ridges can be seen, each ending 
in a pore ; the median opening is the anus, 
the two Literal are the openings of the 
nephridia or kidneys, which also serve us 
ducts for the reproductive organs. The 
anus is thus approximated to the mouth, 
and since the continuity of the tentacular 
crown is broken at a spot just between 
the. two, there would be nothing to sepa- 
rate these orifices if it were not for the 
presence of the epistonie, a projection or 
Hap of the body -wall which overhangs 
the mouth lietween it and part of the 
crown of tentacles. 

The*, extent to which the ridge bearing 
the tentacles is incurved at each side varies 
in different species. In 77/. koiratersk'U 
and 77/. j?*tniiMophila the ends are only 
slightly turned in, so that the crown of 
tentacles is truly horse-shoe shaped ; but &M-— A specimen of Ph. 

in Ph. aunt ml is they are turned in and from its tube mid eeen 
form three coils on each side. The nuin- froni * nl,out 

1 . , ... (After M ‘In tosh.) 

her ol tentacles also varies, being very 

numerous in Ph. an strati* find Ph. buskii — the latter having as 
many as 200, whilst the other species as a rule have from 60 
to 90. The bases of the tentacles are fused for a short distance 
with one another, forming a thin membrane. 

The rest of each tentacle is free, and its inner surface, or that 
turned towards the mouth, is covered with long cilia, which, by the 
currents they set up, doubtless serve to bring food to the mouth. 
The tentacles are hollow, and their cavity is kept open by a stiffen- 
ing of the tissue, which almost resembles an internal skeleton ; the 
cavity communicates with the anterior part of the general body- 
cavity, and up it runs a single blood-vessel containing red blood. 
A single nerve is also distributed to each tentacle. 
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At the base of the two .spirals of the tentacular crown lie two 
ciliated pits, regarded by Caldwell and McIntosh 1 as sensory 
organs, but Kenham looks upon them as glandular in structure 
and function. Perhaps they secrete the substance from which 
the tulies are formed. 

The skin is covered by a delicate cuticle secreted by the 
underlying epidermis : within the latter is a well-marked base- 
ment membrane, and beneath this a layer of circular muscle 
fibres; these surround a layer of longitudinally-arranged fibres, 
which do not form a continuous sheet but are arranged in 
bundles. In l>oth layers the fibres are unstriated. The longi- 
tudinal fibres are covered on their inner side* by a layer of flat 
pavement cells, which line the general cavity of the body. 

This space, the body-cavity, is divided into two parts by the 
presence of a diaphragm or septum which runs across from one 
side of the body to the other about the level of the ridge bearing 
the tentacular crown. The anterior space is continuous with the 
cavities of the tentac les and of the epistome. The partition is 
pierced by the blood-vessels and the oesophagus, hut the rest of 
the alimentary canal, including the anus, the kidneys, and the 
reproductive organs, all lie in the posterior half of the body-cavity 
behind the diaphragm. This portion of the body-cavity is further 
subdivided by the presence of three longitudinal mesenteries 
supporting the alimentary canal and running lietwecn it and the. 
body-wall. One of these mesenteries runs along the outside of 
the alimentary canal throughout its whole length, attaching both 
the descending and ascending limbs of the U-shaped tube to the 
body-wall. The other two are lateral mesenteries, which ]>ass 
from the body-wall to the sides of the oesophagus. These 
mesenteries therefore divide the body-cavity into three spaces— 
one in which tlu; rectum lies, which may be called the rectal, 
and two lateral ; owing to the fact that the lateral mesenteries 
end before they reach the bend of the alimentary canal, the 
three chandlers are in free communication one with another. 
The body-cavity is further traversed by irregular strands of 
tissue which run from tin* body-wall to the various organs. It 
contains a corpusculated fluid. 

The alimentary canal (Fig. 230) consists of a U-shaped tulie 

1 Chalhntjcr Reports , vol. xxvii. 1888 ; and Proc. Roy . Noe. Edinb. vol. xi. 1882, 

I*. 211. 
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which may be divided into four regions. The mouth (m) leads 
into the oesophagus (fir), which gradually enlarges into the 
stomachal) situated just before the bund; a constriction just at 
the bend separates the stomach from the intestine (/?#/), and this 
leads into the rectum (?•), which terminates in the anus (an). 
The first three divisions of the alimentary canal are ciliated, but 
the rectum is not; the walls of the stomach also contain glun- 


a 



Flo. 220. — The dorsal surface of /*//. oust rah as., looking clown on the head. The ten- 
tiu-Ifs ar« nit away on tin* left side, and : innermost are shortened on the right 
side to show the arrangement- ; in reality they are. of the same length throughout. 
it, Mouth ; h % anus ; r. jxire of left liepliridium ; r/, epistome ; #\ break in the inner 
series of tentacles. The drawing is to some extent diagrammatic, and is consider- 
ably enlarged. (After lienhum.) 

dular colls, but then; are no special glands opening into any part 
of the tract. 

One of the most interesting features of Ph omnia is the 
presence of a closed system of blood-vessels containing red blood. 
There, are two main blood-vessels ; one, lying in the rectal chamber 
between the two limbs of the U -shaped alimentary canal, has 
been named the afferent vessel. Just l>elow the diaphragm this 
splits into two, and each branch, after piercing this partition, 
runs in a spiral course along the base of the crown of tentacles, 
giving off a single lilood- vessel into each tentacle. At its base 
each tentacular vessel opens not only into the above-mentioned 
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“ distributing ” vessel, but also into a “ recipient ” vessel which 
takes a course parallel with the former. The two recipient 
vessels pierce the diaphragm, and after running for some distance 
apart, fuse to form the efferent vessel, which continues down the 
body on the left side of the oesophagus. At the ahorul end of the 
body the efferent vessel turns forward and becomes the afferent. 

v 

Both the main vessels give off numerous blood diverticula, which 
are develojKnl into plexiform sinuses on the walls of the stomach, 
and in this region they arc covered with the reproductive cells. 
All the vessels are contractile, and Strethill Wright counted about 
fifteen pulsations a minute. The blood contuins numerous nucle- 
ated, disc-shaped corpuscles differing in appearance from those of 
the fluid in the body-cavity. The corpuscles contain haemo- 
globin, which gives tin* red colour to the blood. 

The two nephridiu or kidneys are essentially tubes which open 
on the one side into the body-cavity, and on the other to the 
exterior. Tin? position of the external pores has already been 
described, one being on each side of the anus. Each pore 
leads into a tube which passes into that part of the body-cavity 
situated below the diaphragm, where it divides, and each of the two 
branches terminates in a ciliated funnel-shaped opening. The 
smaller of these two funnels pierces the Intend mesentery and 
opens into the lateral chamber, whilst the larger, whose opening 
is very much drawn out longitudinally, opens into the rectal 
chamber. The whole organ is ciliated internally. 

The nervous system lies in the skin immediately below the 
cpidermia This position is very primitive, and forms one of the 
most interesting anatomical peculiarities of the genus. The 
nervous tissue is prolrably diffused all over the body, but there 
is a special concentration or thickening in the form of a ring 
which surrounds the mouth, following the Irnse of the tentacular 
spirals and giving off a nerve to each tentacle. The ring lies at 
the outside of the; ljase of the tentacles, the anus is not included 
in it. Caldwell 1 has described in Ph. kmvalevskii an asymmetri- . 
cal nerve-cord given off from the ring and running along the 
left side (if the body : associated with which is a tubular struc- 
ture of unknown function. In Ph. australis Benham mentions : 
two such tubes, one on each side of the body; their precise value'' 
is obscure. 

1 /'roe. Jloy. Soe . London, vol. xxxiv. 1883, p. 371. 
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The epithelium covering the nerve-ring is slightly modified in 
the neighbourhood of the kidney pore, and may have some special 
sensory function; no other organs of sense are known (but see p. 454). 
Phoronis is hermaphrodite, male and female reproductive cells 



Fro. 230. — A schematic view of 
tin* interior of the body 
of Phttron in. The middle* 
seven-eighths of the l>ody :iiu 
omitted. u/\ Afferent blood- 
vessel ; on, anus ; rj\ efferent 
blood - vessel ; 1 7 /, epistome ; 
#/J f glandular pit ; in t, intes- 
tine or “second stoiimeh"; k, 
large funnel of the left neph- 
ridinin ; Aim, opening of light 
iiephridiuin, the 0 ]>ening of 
the left is seen immediately 
lielow in section ; ui, mouth ; 
/i, nerve concentration ; or, 
oeso] dingus ; oeni, oesopha- 
geal mesentery ; or, ovary ; 
r, rectum ; #•///, rcetnl inesen- 
terv ; r#\ right recipient 

blood-vessel; n, septum ; sf t 
stomach ; l, testis ; tm, right 
lateral mesentery. (From 
Bei ill am.) 


being formed in the same individual The testes and ovaries 
form two white masses lying on the left side of the stomach, one 
on one side and the other on the other side of the efferent blood- 
vessel. The glands are traversed in all directions by the diverti- 
cula given off from this trunk, and are thus well supplied with 
blood ; in fact both the ovary and the testis are formed by the 
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iuulti]ilk a atiou and growth of the epithelial cells which cover these 
diverticula. When ripe the ova and spermatozoa drop oil' into 
the body-cavity and make their way to the exterior through the 
duct of the kidney. 

The ova are probably fertilised in the sea-water; they 
undergo the early stages of their development whilst entangled. 



Fits. 2.11. --Three si ages 
in tlu> metamorphosis 
of the Actiiiotnii-h.-i 
into /'hi iron is. A, 
Ai'tiiintrorhii larva 
with tin* invagination 
(r), which will form 
tin* trunk of the /'//«•- 
nmis larva beginning 
to appear. B, Stage 
with the invagination 
purtly extruded. C. 
Stage when tin* extru- 
sion is complelu anti 
tht* alimentary canal 
lias passed into it. C 
is after Met sell nikolf. 
it, Mouth ; A aims ; 
i\ invagination which 
ultimately forms thu 
greater part of the 
body of thu adult. 


amongst the tentacles of the parent. The larval form to which 
they give rise was known long liefore its connexion with the 
adult was demonstrated by Kowalevsky. 1 It is known as tin 1 . 
Aetiuotrocha (Kig. 2ttl, A), and according to Caldwell ha's the 
following structure in Pit. kovvilcnslrii. The mouth is anterior, 
ami Lhe anus terminal and posterior ; the mouth is overhung by 
an immense prae-oral IuIju, which bears a special larval nerve 

1 Zojnaki A end. St. Petrrsh. vol. xi. No. 1, 18(17 (Russian). Abstract in Arch. 
Natunj. Jalirg. xxxiii. 1807, Bd. ii. p. 
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gauglion, and in some species four eye-spots; at the base of this, 
but behind the mouth, is a ring of larval tentacles. The prac- 
oral lobe and the tentacles are ciliated ; the margin of the lobe 
bears, however, specially long cilia, and there is also a ring of 
long cilia around the anus. 

Before the Actinotroeha stage has lieen reached the* larva 
hus forsaken the shelter of its parent’s tentacles, and swims 
actively about in the open sea. As it grows older a tinger-like 
involution of the skin (r) arises just behind the tentacles on the 
ventral surface and grows into the body, increasing greatly in 
length and Incoming much folded. The larva now sinks to the 
bottom of the sea, and after swimming round many times on its 
axis, undergoes a very astonishing metamorphosis (Fig. 2J» 1, B, 
C). The finger-like involution is suddenly turned inside out, 
and forms a large projection on the ventral surface, into which 
the alimentary canal passes, assuming a U -shape, as in the adult. 
This ventral process in fact forms all the body of the adult behind 
the line, of tentacles, and subsequently contains, not. only the 
alimentary canal, but the kidneys, the reproductive organs, and a 
large part of the vascular system. At the same time the prae- 
oral lobe breaks otf, and, together with its ganglia and eye-spots, 
passes into the mouth and is digested in the stomach : the larval 
tentacles follow the prae-oral lobe, and are similarly digested. 
Their place, is taken by a ring of adult tentacles which commence 
to appear just lie bind the larval tentacles before they fall oil*. 
The animal is now practically adult. 1 

It is obvious that this astonishing metamorphosis is accom- 
panied by the rotation of the axes of the animal. The adult 
practically lives at right angles to the larva. In the latter the 
anus marked the posterior end, and the prae-oral lobe the. anterior. 
The prae-oral lobe has disappeared in the adult, but its position 
is marked by the mouth. The ventral surface has enormously 
increased, and corresponds witli the whole surface of the trunk. 
To be consistent we must therefore regard the mouth of the 

1 Caldwell, he. cit. Focttinger, Arch. Biol . vol. iii. 1882, p. 079 ; (icgciibaiir, 
Zcitschr . ictus. Zool . vol. v. 1854, p. 345 ; Krolin, Arch. Aunt. Jalirgting 1858, 
p. 289 ; Motschiiikolt', Nachricht. k. lies. Wins. Gottingen , No. 12, 1809, p. 227, 
and Zcitschr. m Zool. vol. xxi. 1871, p. 233 ; J. Muller, Arch. Anrit. Jahrgang 
1840, p. 101 ; Schneider, Mwatsbcr. Ak. tciss. Berlin t 1801, p. 934, and Arch. 
Anat. Jalirgang 1862, p. 47 ; Wagoner, Arch. Anat. Jahrgang 1847, p. 202 ; Wilson, 
Amer. Natural, vol. xiv. 1880. 
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adult as marking the anterior end of the animal, the anus the 
posterior. The short line between the mouth and anus across 
the centre of the tentacular crown marks the dorsal surface ; and 
the line running fill round the trunk from anus to mouth, the 
ventral. In fact, in its usual position in its tube Phoronis is 
lying on its ventral surface, its hick faces upwards, and the 
anterior and posterior ends lie on one side or the other. 

Species and Affinities. — In his exhaustive memoir on the 
anatomy and histology of Phoronis , Cori enumerates seven 
different species, and ([notes the characters of each as enumerated 
by eight different authors. He, however, reserves his opinion 
us to the identity or distinctness of some, of these species. 
Renliam in his account of Ph. australis enumerates five # species, 
including amongst them Ph. ovalis, which, however, lie regards 
as probably a young form, an opinion in which Cori coincides. 
The latter regards it as possibly a young form of Ph. hippovrepia. 

Without comparing specimens of each of the alleged species, 
it is difficult to come to any very satisfactory solution of the 
problem of how many distinct species are at present known, lint 
it seems probable, that there are at lesist six. 

(i.) Phoronis hippompia Wright. — Under this name is included the first 
form, described and named by Wright in 1856 ; also Ph. ovulw 3 described two 
years later by the same observer as a distinct form, though it now seems 
probable that it is but a young form of Ph. hipjxjcrtpia. The Crrpina gracilis 
of van Keneden is prolsibly identical with this species. 

This species occurs in membranous tubes embedded in limestone, corals, 
or oyster shells. Its length varies from l a 5 to 15 mm. The number of 
tentacles varies from 1 6 to 86. It lias been found oil' the coast of Devon- 
shire and in the Firth of Forth. 

(ii.) Phoronis howalevskii Caldwell. — This name is given by Benliam to the 
species from Naples described by Caldwell, and replaces the name Ph. 
mespitosa, which was given by Cori. This species is found in the Day of 
Naples, living in considerable colonies on submarine piles and posts. It- is 
not firmly attached to its substratum. The tube may be coated with sand 
«»r other foreign particles. Tin; length of the individuals varies from 3 to 
30 mm. The lophopliore is simple, with from 50 to 100 tentacles. 

• iii.) Phoronis australis Has well. — This is the giant of the genius the length . 
of tlie individuals lieing from 3 to 5 (76-127 mm.) or rarely 6 inches. It 
lives in delicate, transparent tubes, interlacing tlie walls of the tube of a 
sea-anemone, Ccrinnthus. The arms of the lophopliore coil into two spirals. 
The colour is reddish or purple. Found in Port Jackson. 

(iv.) Phoronis hnsJcii M ‘In tosh. — This species was dredged by the Challenger ■ 
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Ak>iii a sandy bottom at a depth of 10 to 20 fathom* off the Philippine*. 
Its tube is covered with particles of sand, sponge spicules, etc. Its length 
is 52 mm. or more (more than two inches). The anatomy of this species 
closely resembles that of Ph. australis , and Benham thinks that', in' spite of 
the difference in their habitat, they may belong to the same species. 

(v.) Plioronis a r chi tecta Andrews. — A species recently described by 
Andrews from Beaufort, N.C. Its distinctive features are : “ the formation 
of isolated tubes covered by definite collections of sand grains ; the presence 
of special pros tom ml organs, possibly of use in the formation of these tubes ; 
the great development of the longitudinal muscles ; the presence of a ciliated 
groove ill the digestive tract ; the apparent separation of the sexes.” 

(vi.) Plioronis psammojthila Cori. — Found in Faro, near Messina. The 
tube is hyaline, and is covered by numerous grains of sand, some of consider- 
able size. The length of the individuals is 25 to 50 111 m. There are 60 to 
90 tentacles. The colour is a ileshy red. A second species discovered by 
Haswell in Port Jackson lmd no ]K)iuts of importance to distinguish it 
from Ph. psamwoph ila, except that no sand adheres to its tube and the 
number of tentacles is slightly greater. 

In addition to the various species of Plioronis , several distinct forms of 
its larva, Actilmtrocha, are known, and have been named without having 
been traced into their corresponding adult form. 

Thu position of Ph omnia in the animal kingdom lias formed 
the matter of considerable divergency of opinion amongst the 
naturalists who have studied it. The earlier writers regarded 
Phoronis as allied to the (lephyrea, and it was for a long time 
classed with these*, animals, but placed in a separate sub-Order, 
the (iepht/rra tuhicuht, which was opposed to the (lephyrea nadir, 
which comprised the true (Jephyrea. 

Caldwell referred Ph omnia, the Brachiopoda, the Polyzoa, 
and the tlephyrea to the same type of hotly structure, and 
Jjankester subsequently suggested the provisional name Podaxonia 
for this miscellaneous collection of animals. Lankester divided 
his phylum Podaxonia into three classes : (i.) the Sipunculoidca 
(I'rophyrea), (ii.) the Brachiopoda, and (iii.) the Polyzoa. The 
last-named class he divided into three sections : (a) the Yermi- 
formia, this includes the single genus Phoronia ; (ft) the Ptero- 
branchia, including the forms Cephalodiscm and Jthabdopleura, 
whose affinities with Balanoglossus were subsequently demon- 
strated ; and (c) the Eupolyzoa, including the forms treated as 
Polyzoa in the following pages.. 

Masterman's recent researches 1 on Phoronis seem to indicate 

1 Proc. Roy. Soe . Edinb. vol. xxi. 1896, p. 59 ; and Zool. Anz. xix. 1896, p. 266. 
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that the Yermiformia, like the Pterobranchia, must in future be 
grouped with the I fomi chordata. He finds three well-defined 
cne.lomic space's corresponding with the ep interne, the collar, and 
the trunk, and also representatives of the collar pores, and is 
further inclined to lielicve that structures representing the noto- 
chord exist in Aetinotrocha. 

Should Masterman’s researches be confirmed, PhoronU will be 
removed from its present isolated and enigmatical position, and 
placed with CephalodiscHx and Jlhuhtloplcura amongst the 1 ITemi- 
chordutu, which will be described in Vol. VI I. of tliis work. 
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CHAPTER XVII 


. POLYZOA 

INTRODUCTION — OENERAL CHARACTERS A\T> TERMINOLOGY BROWN 

BODIES-- - HISTORY OUTLINES OK CLASSIFICATION — MARINE 

l’OLYZOA- OCCURRENCE FORMS OK COLONY AND OK ZOOECIA 

OVJUELLS — AVICULA III A — VI HRACULA ENTOPItOCTA. 

The following pages 1 deal with animals whose very existence is 
hardly known to those who are not professed naturalists. There 
are hut few Polyzoa which have earned the distinction of possess- 
ing a popular name, and most of such names as do exist cannot 
lie found outside treatises on Natural History. It is true that 
many of the memliers of this group have Iwen vaguely termed 
“ Zoophytes ” ; but this term implies no more than that they 
possess a superficial resemblance to certain plants, and it must 
be rememliered that this habit of growth is assumed by many 
annuals which have nothing to do with the Polyzoa. The term 
"Coralline” is sometimes applied to those calcareous Polyzoa 
which grow into coral-like forms; and the Tertiary deposit 
known as the “Coralline Crag” is so called from the large 
number of fossil Polyzoa which it contains. 

The Polyzoa are none the less a most attractive group. Let 
any one examine a dry piece of a brown paper-like substance 
C^g- 232, A), which may be found thrown up on the beach on 

many parts of our coasts. Of this species (Fluatra foliacea), the 
• 

1 The account given in the following pages has been deliberately restricted, for 
the most part, to British species. Our own fauna contains an assemblage of 
Polyzoa which is so representative that it has seemed bettor to do some justice to 
the British forms than to attempt to cover the whole ground in the limited 
number of pages devoted to this group. Those who desire to make a wider study 
6f the subject should refer, for marine forms, to Busk’s Catalogue of Marine 
■ VOL. II .‘2 H 
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so-callcri “ aca-mat,” an old writer says : " For curiosity and 
beauty, T have not, .among all the plants or vegetables 1 have yet 
observed, seen any one comparable to this seaweed.”* 1 Viewed 

with the microscope, the 
frond is seen to consist 
of two layers, placed back 
to back, of oblong cham- 
bers, each of which is the 
dried body-wall of a single 
individual. The whole is 
obviously a colony , and 
to tins tact the term 
Tolyzoa refers. 

The chambers just 
noticed are termed 
“ zooecia.” Each is 
rounded at one end, near 
which is the “ orifice,” 
through which the ten- 
tacles of the living animal 
can be pushed out. Two 
short, stiff spines usually 
occur on each side of the 
orifice ; and the symmetry 
of this forest of spines fully justifies the above-quoted remark. 

The upper part of some of the zoocciu is somewhat swollen, 
these swellings representing the conspicuous “ ovi cells ” of inany 
other genera. In the early part of the year each ovicell pro- 
tects an orange -coloured egg or embryo, and the larvae are 
readily liberated if the fresh colony lie placed in clean sea-water. 
“At least ten thousand” were hatched out in three hours from 
a colony placed in a glass by Sir John Ualyell. 2 The larva 
swims freely in the water for a short time, and should it find a 

Polyzoa in the Collection of the British Museum, Parts I. -III. 1862, 1854, 1875 ; 
to the Challenger Reports on Polyzoa, Parts 30 (1884), 50 (1886), and 7.9 (1888) ; 
for references and lists of species, to Vine's Report on Recent Marine Polyzoa , 
ChHlostomata and Cyclostomata (Report, 55th mooting Brit Ass. Aberdeen, ] 885, 
pp. 481-680) ; [and to Nicklcs and Bassler, Synopsis Amor . Foss . Brf/ozoa incl. Biblio- 
graphy (Bull. U.S. Gcol. Survey, No. 173, 1900)]. References to the literature of 
the fresh -water forms will be found below, in Chap. XVIII. 

1 Hooker, quoted by Landsborough, Hist. Brit. Zoophytes , 1852, p. 346. 

2 Rare and Remarkable Animals of Scotland, ii. 1848, p. 15. 



Fig. 232. — Flustra. ftfiarra L., CromiT. A, Natu- 
ral size, B' indicating the portion magnified in 
B ( x 30) : <#, aviculariuni with closed mouth, 
to the left of which are seen two avicularia with 
open mouths ; n, ovicell, forming the upyier 
part of a zonee-ium. Ovi eel Is are seen on three 
consecutive zooecia. The oyierculiini, which 
closes the orifice of tliu zooeeimn, is seen in 
different positions in the individuals figured. 
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suitable resting-place, it fixes itself mid forms the starting-point 
of a colony, the number of whose individuals is continually 
increased by the production of buds at the growing edge. The 
“ avicularia ” of this species will be alluded to later (see p. 4«S2). 

F foliar ca lias long been known to possess in the fresh state 
a remarkable odour, wjiich is described, according to the fancy 
of the observer, as a strong odour of fish, or as the smell of 
violets after a shower. Others have compared it to that of the 
orange or verbena, or to that of a mixture of roses and geranium. 

Flush'd fa hispid a, another of our commonest Folyzoa, which 
may be found between tide-marks on the stalks of Furus , con- 
sists of a softish brown encrustation, about one-sixteenth of an 
inch thick, covered by numerous spines. If examined undis- 
turbed in a rock-pool, or transferred to a glass of sea- water, the 
brown mass will be seen to become surrounded by a delicate 
bluish halo, which is about as thick as the encrusting mass 
itself, and consists of the tentacles of tin 1 numerous individuals of 
the colony. The microscope shows that each individual is pro- 
vided with a circlet of some, thirty or more long, delicate ten- 
tacles, which together form a graceful funnel (as in Fig. 233). 
At the bottom of the funnel is the mouth, to which Diatoms or 
other minute organic particles are conveyed by the cilia which 
fringe the tentacles. If the tentacles be touched with a needle, 
the whole funnel is refracted with great rapidity, and in this 
retracted condition we see no more than the body- walls of the 
animals. After an interval the tips of the tentacles are 
cautiously protruded ; the tentacles are gradually pushed out, 
at first in a close bundle, but finally separating from one another 
to form the. funnel which we have already noticed. 

There is hardly a more surprising spectacle in the whole 
animal kingdom than a living fragment of the genus Bvyula . 
The colony grows in the shape of a small tree, whose height may 
# amount to several inches ; and is characterised, in many species, 
by a spiral arrangement of the branches, which makes the genus 
easy to recognise at first sight (Fig. 233, A). The stem and 
branches are composed of a single layer of zooecia, arranged 
two or more abreast. Each zooecium bears, on its outer side, 
a most singular body termed an avicularium, from its resem- 
blance to a bird’s head. Imagine a minute eagle’s head attached 
by a short but flexible neck to the zooecium. Suppose further 
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that this structure moves backwards and forwards in a deliberate 
but determined fusliion, its lower jaw usually widely open so us 

•to be nearly 180° distant 
from its position when closed. 
Suppose that the lower ja\v 
is moved by powerful muscles 
which cau l>e distinctly seen 
inside the transparent head 
of the avicularium, and that 
every now and then it closes 
with a snap, seizing any un- 
fortunate worm which may 
happen to lie. within reach 
with a grasp of iron. The 
above gives a very faint idea 
of the. appearance of a living 
JUu/uht colony, with its hun- 
dreds of swaying avicularia, 
and with its tentacular funnels 
protruding from their zooecia, 
and withdrawing themselves 
capriciously from time to 
time.- 

General Characters. — 

The Polyzoa are colonies, 

leaf-like or tree -like in form, 

Flo. 233 . — lingula tiMnala Aider, Plymouth. an J often strongly resembling 
A, A small colony ( natural Mize) ; B, por- " 

tion of a branch ( x 50) : o, a\ avicularia, HttlWOecls, 01’ forming eil- 

ia .lil&ivnt position* “n|*rt.ire" (m-o cnw tatioil8 OU tile Surface of 
p. 524) ; h t polypide-bud, attached by its 

stomach to h.h, brown lx>dy ; m, mouth, fltones and Water-plants, ' 01* 
surrounded by the circle of tentacles ; two n 4-i lor uli'iiitiq Thu 

in.liri.hmls to tl.e right show tlm tentacle* ll *V g 1 Sll,l l ,tS - lfte 

part illy cxpau.l.’.l ; o, ovi. ell ; », marginal units of the Colony HIV COU1- 
spin. The avicularia of some of the j . • ooa\ 

ia have l*eu omitted in B. I ,leto individuals (* Ig. 234). * 

The zooecium or body -wall .. 

encloRCK a body-cavity, in which lies a digestive canal, with which 
arc closely connected the central nervous system and the retractile, 
ciliated tentacles. The structures other than the zooecium con- \- 
stitute the " polypidc.” The mouth (m) leads into the ciliated - 
pharynx (jp/zj, which is followed by tlie oesophagus (i*e), which 
again pusses into the stomach ( 3 ), whose walls are coloured by a 1 
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cmmicteristic yellowish pigment. The stomach gives off the 
intestine (in), which is lined hv strong cilia, by means of which 
a rotatory movement is given to the i’aeees contained in it This 



Flo. 234. — A/ci/nuMium ulbidum Alder, Bany uls-snr-Mer. Diagram showing the struc- 
ture o1‘ 11 single zooecium with its ]>olyi>ide retracted : a , amis ; d, diaphragm ; r, 
eetocyst ; #■/#/, ectoderm ; /, funiculus ; #/, ganglion ; /, iuterteiitacular organ ; Vw, 
intestine ; «/, mouth ; win, mesoderm of body-wall ; a, orifice ; ne, oesophagus ; or, 
ovary ; y#, parietal muscles ; ph f pharynx ; yi.c, parieto- vaginal muscles ; r, rectum ; 
v./a, retractor muscles (contracted) ; ■<*, stomach ; t, testis ; fa, tentacles ; /.*, ten- 
tacle-sheath or kani])toderm. (Alter l’rouho. 1 ) 

communicates by a narrow passage with the rectum (r), which 
opens hy means of the anus («)- 

In the retracted condition the tentacles (t/i) lie in a cavity 

1 Arch. Xool, Exp, 2 ser. x. 1892. 
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which opens to the exterior by the orifice (a). The cavitjPis 
bounded by a thin membrane termed the " tentacle-sheath ” (/s), 
and it is incompletely subdivided, neur its up]>er end, by a 
diaphragm (</), perforated by a circular hole, through which the 
tentacles can be protruded. The diaphragm bears the thin 
folded collar characteristic of the ( 'tenoslomutu, the group to 
which the, species figured belongs (see p. 477). 

Fig. 238, 1>, shows the tentacles of JJotrcrbtuikia in their fully 
expanded and partially expanded condition. Comparing this with 
Fig. 234, it will be clear that when protrusion is taking place, 
the tentacles are forced in a bundle, tips first, through the 
diaphragm and next through the orifice of the zooccium, the 
alimentary canal offering no resistance to this movement, owing 
to the length of the oesophagus. A moments consideration will 
show that the bases of the tentacles, in passing through the 
orifice, will carry with them that part of the flexible tentaclo- 
sheatli to which they are attached: and it will further he clear 
that so much of the tentacle-sheath as is thus protruded will he 
turned inside out. This process of “ evagination ” continues until 
its further progress is stopped by the retractor-muscles (?•.»/*), a nch 
by the par into- vaginal muscles (/;./•), which pass from the interior 
of the body-wall to the upper part of the tentacle-sheath. The 
latter has now become the delicate layer which connects the 
expanded tentacles with the znoccium ; and the anus (Fig. 288, 
C, ft) opens directly to the exterior. Since, the name “ tentacle- 
sheath ” is thus descriptive of the condition of retraction only, the 
term “ kamptoderm ,,1 has been suggested as an alternative name. 

The presence of a complete digestive canal and the (dilution 
of the tentacles in Polyzou are conspicuous deferences between 
these animals and the Ilydroids, with some of which the Polyzou 
may have a marked external similarity. 

The outermost 1 2 layer of the body-wall is known as the 
“ ectocyst ” (Fig. 234, r). This may he densely calcareous, in 
which wise the dried Polyzoon differs little iu uppearauce from 
the living animal with its tentacles retracted ; or it may be 
partially calcified, or it may consist entirely of a flexible cuticle, 

1 Krncpcliii, Ahh. Vrr, Ilawhury , x. 1887, No. ix. j». 19; nd/n rrtip, to bend; 
Stpfia, skin. 

8 Tarts of the ectocyst of sonic calcareous forms are covered by an external invest- 
ment of rolls, which give rise to secondary thickenings, ridges, and other growths. 
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as in Fig. 2:54. The ectocyst is prolonged through the orifice 
( 0 ) as far as the diaphragm (tf). 

Forms with a calcareous cctocyst are commonly ornamented 
with ridges or other patterns, which are often of great beauty. 
The ectocyst in these cases is commonly interrupted at intervals 
by pores (Fig. 2:59, 0), into which processes of the “ endocyst ” — 
the living, .internal part of the body-wall — extend. These may 
appear as superficial pores, which apparently open to the 1 , exterior 
in the dried condition, or they may perforate the 1 , septa between 
adjacent individuals. This may be strikingly demonstrated by 
decalcifying a branch of Ovinia (Fig. 237), in which the zooecia 
then appear connected by numerous strands of tissue. T 11 many 
marine forms the communications between the individuals are in 
this form of small sieve-like plates known as u rosette-plates.” 

The endocyst may consist of definite layers of ectoderm ( 0 ?//.) 
and mesodtfrm (/a///), as in Fig. 234, but the mesoderm is 
commonly in the form of a loose network, some of which is 
attached to the body- wall, some to the alimentary canal, some 
forming connecting strands between these two layers, and other 
cells floating about freely in the body-cavity. Those mesodermic 
structures are often spoken of as the “ funicular tissue,” since one 
or more strands of it commonly take on the form of a definite 
11 funiculus” (/). This structure may bear the ovary (nr), while 
tin 1 , testes (t) are. found, commonly in the same zooeoium, attached 
to various parts of the body-wall. The eggs and spermatozoa, 
when ripe, break off and float freely in the body-cavity. 

The funicular tissue, was at one time described as a “colonial 
nervous system.” The. idea expressed by this term must be 
considered erroneous from the fact that no nervous co-ordination 
of the individuals is known to exist, in the vast majority of 
cases. The. actual nervous system consists of a ganglion (//) placed 
between tin 1 , mouth and anus of each polypide, and lying in a 
small circular canal (not shown in Fig. 234) which immediately 
surrounds the oesophagus. This canal is developed in the bud as 
a part of the body-cavity, from which it becomes completely separ- 
ated in marine forms. The Folyzoa have no vascular system. 

Brown Bodies. — In the majority of cases, an extraordinary 
process of regeneration takes place periodically during the life 
of each zooecium. The tentacles, alimentary canal, and nervous 
system break down, and the tentacles cease to be capable of being 
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protruded (Fig. 235, 1). The degenerating organs liecome coiS^ 
pacted into a rounded mass (Fig. 235, 2 and 3, b.b), known from 
its colour as the “ brown body.” This structure may readily be 
seen in a large proportion of the zooecia of transparent species. 
In active parts of the colony the I>ody-wall next develops an 
internal lmd-like structure (Fig. 235, 1, ?>), which rapidly acquires 
the form of a new polypide (Fig. 235, 2 and 3). This takes the 
place originally occupied by the old polypide, while the latter 
may either remain in the zooecium in the permanent form of 



Fl«. 235. — Flustm pupyrm Pull. Naples. x 50. Illustrating the development of a 
new polypide ^fli*r the foruiution of a “lirowu hotly.” In 1; a , two iiiuhsi .s formed 
from the alimentary canal ; b t young polypide-bud ; h.h, .degenerating tentacles ; 
c, connective tissue : 2, another zooecium, later stage ; b.b % brown hotly ; r.vi t re- 
tractor muscles ; *, stomach ; t, tentacles of new polypide ; l.s t tentacle-sheath : 
3, the same zooeciuni, 191 hours later ; letters as in 2. 1 and 2 are seen from 

the front, 3 from the hack. 1 


a “ brown body,” or pass to the exterior. In Flustm the young 
polypide-bud becomes connected with the "brown body” by a 
funiculus (Fig. 235, 1, 2). The apex of the blind pouch or 
“ caecum ” of the young stomach is guided by this strand to the 
"brown body,” which it partially surrounds (3). The “brown body” 
then breaks up, and its fragments pass into the cavity of the 
stomach, from which they reach the exterior by means of the anus. 

There is some reason to believe ? that these remarkable pro- 
cesses are connected with the removal of waste nitrogenous 
matters. The Marine Folyzoa are not known to tie, in most 
cases, provided with definite excretory organs, although it is 

1 From the Quart. J. Afirr. >SW. xxxiii. 1892. 3 Ibid. p. 123. 
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pXSsible that the intertentacular organ (Fig. 2*34, i) described 
on p. 508 may in some cases perform excretory functions. There 
can, however, be little doubt that some kind of excretion takes 
place in the Polyzoa ; and in considering what organs could 
possibly perform this work, our attention is arrested by the 
alimentary canal. The digestive organs of the young bud are 
perfectly colourless. As growth proceeds, certain parts acquire 
a yellowish, and later a brown colour. The degeneration of the 
polypide is followed by the grouping of large numbers of the 
free cells of the body-cavity into a mass which closely surrounds 
the incipient “brown body.” T T uder their action, the latter 
becomes considerably smaller, probably as the result of tin* ab- 
sorption of matters of nutritive value into other tissues. The 
final result is tin*, formation of the compact “brown body,” 
whose colour is principally derived from the pigment formerly 
present in the alimentary canal. Experiments made by intro- 
ducing into the tissues of the Polyzoa certain artificial pigments 
which are known to be excreted by the kidneys when injected into 
the bodies of other animals, have given some reason for believing 
that the appearance of the brown pigment in the wall of the diges- 
tive organs is, in part, a normal process of excretion ; although 
that process is not entirely carried out by the organs in question. 

Little is known with regard to the duration of life of a single 
polypide; but some information bearing on this question may be 
obtained from a set of observations made on Fhmtra pttpyrea} 
The table gives the number of days from the time at which 
the polypides were noticed to commence their degeneration : — 

Days. 

2 . . “ Brown body” partially formed, the jxirts of tin* polypide l>eiiig still 

easily recognisable. 

ft . . Tentacles still just l ‘('cognisable : appearance of new jtolvpidc-bud. 

8 . . Stage shown in Fig. 235, 2. 

il Union of apex of stomach with “brown body.” 

16 . . “Brown body” liulf surrounded by stomach, and prewiring to break 

up (Fig. 235, 3). ■ 

21 . . " Brown body” broken up into numerous fragments, contained in the 

alimentary canal of the new polypide. 

35 . . “ Brown body” almost completely absorbed. 1 2 

1 Quart . J. Mier. Set. xxxiii. 1892, p. 147. The experiment Vas conducted in 
a laboratory, and the results may not bo perfectly normal with regard to tlie time 
occupied. 

2 See also Joliet, Arch. Zool. Exp. vi. 1877, p. 202, and explanation of plate 
viii. for another series of observations. 
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Thesis results did not hold good for all. the zooecia in a single 
colony. In some, the " brown body ” was not completely got rid 
of at the end of sixty-eight days, the conclusion of the experiment. 

So striking are the facts relating to the “brown bodies” that 
it lias been believed 1 * 3 that wlmt we have above described as the 
individual really consists of two kinds of individuals: firstly, 
the “polypide” or complex of tentacles and digestive organs; 
and secondly, the “zooecium,” or house of the zooid or polypide, 
corresponding with what has been described above as the body- 
wall. The. one individual, the zooecium, is on this view provided 
with successive generations of the second kind of individual, the 
polypide: and them latter function as the digestive organs of 
the two-fold organism. This view, though fascinating at first 
sight, is not borne out by an examination of all the facts of the 
case, especially when the Entoprocta are taken into account. 

History. — The history of the Polyzoa, as far as 185G, has 
been fully treated by Allman in his great work on tin*. Fresh- 
water Polyzoa ; “ but a few words may be said on this subject. 

The Polyzoa attracted comparatively little attention before, 
the beginning of the present century. Originally passed over as 
seaweeds, their real nature was established in connexion with 
the discovery of the animal nature of corals. So great a revolu- 
tion could hardly He accepted without a struggle, and even 
Linnaeus went no further in this direction than to place them 
in a kind of half-way group of “zoophytes,” whose nature was 
partly animal and partly vegetable. It is hardly necessary to 
point out that this view has now been abandoned by common 
consent; and indeed there is no more reason for regarding an 
animal as showing an approach to the plants because it grows 
in the external semblance of a seaweed than them would be for 
supposing a bee-orcliid to be allied to the animal kingdom 
because of the form of its flowers. 

ihit the claims of tin; Polyzoa to rank as a separate class 
were by no means admitted with the discovery that they were 
animals. They were still confounded with Ilydroids, Alcyo- 
narians, or Corals until their possession of a complete alimentary 
canal was recognised as a feature distinguishing them from those 

1 Seo uKfwc'.iftlly ( i. J. Allman, Monograph of thr Frvsh-icater Polyzoa, Kuy Society, 

lSfitf, j». 11 ; and II’. NitHclif, Zcilschr. iotas. ZooL xxi. 1871, p. 479. 

3 Ray Society, 4to, 1856. 



POLVZOA AND BRYOZOA — CLASSIFICATION 


475 


animals. This was principally due to the observations of J. V. 
Thompson 1 in Ireland, who introduced tlie term Polyzoa ; and 
of C. (J. Ehrenberg 2 in (Jermany, who proposed the class-name 
Bryozoa, or moss-like animals. 

It. is impossible to avoid all mention of the controversy which 
luis raged with regard to these 1 two rival terms. The contro- 
versy is for the. present at rest, the name Polyzoa being 
employed by the majority of English writers, amongst whom 
must be mentioned Allman, Husk, Hincks, and Norman, ad- 
mittedly authorities of the first rank ; while Bryozoa is 
employed by practically all the Continental writers. 

The* priority of Thompson’s name is umpiestioned. While 
Ehrenberg, however, definitely introduced Bryozoa as the name of 
a group , Thompson was less precise in this respect, although he 
states 8 that his discovery "must be the cause of extensive 
alterations and dismemberments in the class with which they 
[the Polyzoa] have hitherto been associated.” Thompson, in 
fact, clearly understood that the Polyzoa could no longer rank 
with the liydroids. The controversy has been summarised by 
Hincks, in his Jfidon/ of the /hit ink Mo tine. Polyzoa* where 1 
references to other papers on the same subject are given. 

The. Polyzoa were associated by JT. Milne-Edwards with the 
Tuuicata in the group Molluscoidca (Molluscoides f, ) p to which 
the Brachiopoda were afterwards added by Huxley. 0 A know- 
ledge of the development of the Tunicatu lias, however, shown 
that these animals must be withdrawn from any association with 
the. other two groups; while there is little real evidence that even 
the Brachiopods have anything to do with the Polyzoa. 

Classification. — The Polyzoa are divided into two sub- 
classes: — T, the Entovkocta ; and 11, the Ectopkocta. 7 Al- 
though tin* character referred to by these terms is merely the 
position of the anus with relation to the tentacles, 8 there can be 
no doubt that the two groups differ widely from one another in 

1 Zoological. Researches and Illustrations, V. “On Polynia.” Cork, 1880. 
a “Synibolae Physicae," 1881, and Ahh. Ate. Berlin , 1882, i. p. 877, cl* 1 . ■ 

:i T. cit. p. 92. 4 Vol. i. 1880, Introduction, p. cxxxi. 

w 1 hitmens tic. Zoologic , 2nd ed. Antmaux sans 1 Wtibrrs, 1848, pp. 288, 812. 
Prof. A. Milne-Edwards lias kindly written to me, informing iu« a that he believes 
this to have been the first occasion on which tlic term was thus used. 

K Phil. Trans, vol. cxliii, 1858, p. 62. 

7 Nitsche, Zeitschr . wiss. Zoot. xx. 1870, p. 34. 

8 wpuKris, anus ; 4pt6s, within ; Ikt6s, without. 



476 


POLYZOA 


CHAP. 


many important inspects. I do not, however, accept the view, 
maintained l>y some authors, that the Entoprocta and the Ecto- 
procta are two separate classes which arc not nearly related. 

* Tlie hase from which the whole set of tentacles springs is 
known as the 11 lophophore.” 1 In the Entoprocta (Fig. 236, 1)' 
the lophophore is circular; the mouth is situated near the 
margin of the ami surrounded by the teutocles; and the anus 
is found within the circlet, near the end opposite to the 
mouth. 

In (2) and (3), representing the Ectoprocta, the anus is 
outside the series of tentacles. In the majority of cases, includ- 
ing all the marine Ectoprocta and one or two of the fresli-water 



■ it*. 236.- -Ground -plan of the lophophore In (1) Entoprocta, (2) Gynuiolaunintu, (3) 
Chylai'tolneiiinta : n, amis ; ep 9 cpistmue ; ///, mouth. # The tnitwlcs are ifpiv- 
sfiiti'il liy shaded circles. 


forms, the lopliopliorc is cireular (2), the mouth occurring at the 
centre of the circle, and not l>eing provided with a lip. These 
forms of Ectoprocta constitute the Order (tYMNOLAEMATA , 3 the 
dominant group of the Polyzoa in respect ’of number of genera 
and species. The remaining Ectoprocta lielong to the exclusively 
fresh-water Order Piiylactolakmata , 3 in which the mouth is 
protected by an overhanging lip or “ epistome ” ; the ground- 
plan of the tentacles is, except in Fredmcclla, horse-shoe shaped 
(Fig. 236, 3), and the tentacles themselves are usually much 
more numerous than in the other cases. 

The general characters of these divisions will be more easily 
understood, by referring to the figures given of living representa- 
tives of the groups. The Entoprocta are illustrated by Figs. 
243-245 ; the Gymnolaemata by Figs. 238, 240 ; and the 
Phylactolaemata by Figs. 247, 248. 

J - \60oy, crest or tuft. 8 yvp»6s, naked ; \aipfa, throat. 3 tpvXdaau, I guard. 
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The Gyninolueinata include three Sub-Orders: — 

1. Oyclostomata. 1 — Body- wall densely calcareous, the zooecia lx*ing mure 

or leas tubular, usually with a circular orifice (Fig. 237). * 

2. Chkiloktomata.- — B ody-wall of varying consistency. The orifice. is 

closed, in the retracted state of the polypide, by a chitinous lip or 
“ o] > H-rc a iiliiiii 9 >9 which is more or less semicircular (Figs. 239, 241). 

3. ( -tenostoai ata. :; — B ody-wall always soft. The cavity into which the 

tentacles are retract od is dosed by a frill-like, meiiibruue, the edges 
of whose folds have some resemblance to tin* teeth of a couth. This 
membrane, the “collar,” is seen in different conditions of protrusion 
or retraction in Figs. 234, 238. The stomach may, in this group, 
lie preceded by a muscular gizzard (Fig. 238, C, ;/). 

Occurrence. — By far the larger nuinlier of the Tolyzoa arc 
inhabitants of the sea. A recently published catalogue 4 of 
marine Bolyzoa includes nearly 1700 living species; and of 
these, the great majority belong to the Gymnnlacmata. This 
group is further known to include an enormous number of fossil 
forms. Not only do wo find that in living Bolyzoa the mem- 
bers of a single Order largely outnumber the remainder of the 
Bolyzoa, but we may further notice that the Cheilostomata, one 
of the sub-Orders of the dominant group, am at present largely 
in excess of the whole of the rest, of the Bolyzoa taken together. 

Bolyzoa may be collected with ease on almost any part of our 
coasts. The fronds of the 11 sea-mat ” ( Fluahut folia ecu') are 
thrown up by the waves in thousands in places where the 
bottom is shallow and sandy. The bases of the larger seaweeds 
growing on rocks between tide-marks are nearly always thickly 
covered with encrustations of Fluxtrollu hisjnda or of species of 
Alcyoniduna , in places where they are kept moist l>y being 
covered with a sufficiently thick layer of other algae, liocks 
which am protected from the sun may lie coated with calcareous 
Cheilostomes ; and these are also found, in company with branch- 
ing Bolyzoa of various kinds, on the bases of the Laminaria 
thrown up by gales or exposed at spring tides. The graceful 
spirals of Buyida turhinata (Fig. 233, A) may be found hanging 
from the rocks at extreme law water ; while colonies of Scrupo - 
cellaria, remarkable for their vibracula (see p. 484); are common 
in many places between tide-marks. Certain species affect the 
mouths of estuaries. 

1 xfrXof, circle ; rr6/ia t mouth. ,J Up* . 3 . KTe ^t kt€v6s, comb. 

4 Miss K. C. Jelly, Synonymic Cat. Recent Marine Bryozoa , London, 1889. 
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J frmbranipnra. memhranacea commonly covers many square 
inches of the frond of Laminaria with its delicate lace-like 
encrustation. iXitsche 1 has shown that this species has its 
calcareous matter deposited in plates, separated hy intervals of 
uncalcificd cctocyst. This i 'fleet of this arrangement is to make 
the colony flexible, and to enable it to adapt its shape to the 
movements of the j Laminaria , which is swayed to and fro hy 
the action of the waves. Many of the calcareous forms grow- 
ing on Laminaria have no special arrangement of this kind, 
and they accordingly grow in colonies whose area is so small 
that the greatest movements to which the seaweed is liable are 
not sufficient to crack or break the colony. 

Many species show a decided, or even exclusive, preference 
for particular situations; as, for instance, species of Tritivclla , 
which are only found on certain Crustacea. Many encrusting 
forms prefer the inside of dead shells of Pccten , Cyprina, etc.., to 
any other habitat. Tr.rrbripnrn excavates tubular cavities in 
the substance of the shells of Molluscs. HypophoreUa 8 inhabits 
passages which it forms in the walls of the tubes of the Toly- 
chaets, Lanier and Ch adopt crux. Lepra l ia fo/iarea., one of the 
Cheilostomuta, forms masses which may reach a circumference of 
several foot, simulating a small coml-ieef. Its contorted plates are 
a regular museum of Tolyzoa, so numerous arc the species which 
delight to find shelter, in the quiet interstices of the colony. The 
exquisite little colonies of Crixia eburnea are commonly found on 
red seaweeds, or on the branches of the Hydroid KeHulariu. 

The Tolyzoa are found .at all depths, certain Cheilnstoiiics 
having been recorded from 3000 fathoms. The, Cyclostomes 
dredged hy the “ Challenger ” were all found in depths of 1600 
fathoms or less, while the Ctenostomes are a distinctly shallow 
water group, most having been found at less than 40 fathoms, 
and only three at so great a depth as 150 fathoms. 4 

A few forms (Membra nipora pi/osa, Scrnpocellaria reptanx, etc.) 
are known to lie phosphorescent ; 5 but it is not known what 1 is 
the purpose of this phenomenon. 

1 Zcitschr. wins. Zool. xxi. 1871, ]»■ 421. 

2 Fischer, Xouv. Arch . Mas. Paris , ii. 1866, ]>. 298. 

:> Khlers, Abh. Oes. GotUnycn, xxi. 1876, p. 8, and .loyeux-Lafliiie, (as Dclayia) 
Arch. Zool. Exp. 2 ser. vi. 1888, p. 135. 

4 lhisk, “Challenger” Reports, Parts 30 and 50. 

5 Hi neks, Jirit. Marine Polyzoa , Introduction, p. cxxxv. * 
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External Form.— The Polyzou 
may be roughly divided into (1) 
oncTUKting forms, usually calcare- 
ous, but sometimes soft; and (2) 
erect forms, which arc either rigid 
or flexible. This flexibility cun 
coexist with a highlv calcified 
ectocyst, as in Crista (Fig. 237), 
Cell aria, and otliers in wliich tlie 
branches arc interrupted at inter- 
vals by cliitinous joints. The 
coral-like forms may assume the 
most exquisite shapes, pre-eminent 
among which are the lovely net- 
like colonies of Jxtlrjtova. I’olyxna 
< if tins type are seldom found be- 
tween tide - marks, where their 
brittle branches would be liable to 
be snapped off by tins waves. Tins 
erect species which occur in such 
positions nvfi flexible, although 
flexible species are by no means 
restricted to the zone between 
tide-marks. 

Although the form of the 
colony is very different in different 
Polyzonal pocket-lens will usually 
show whether a given specimen 
belongs to the group or not. The 
surface is nearly always more or 
less distinctly composed of zooccia, 
or at least shows their orifices. 
The entire colony may be built up 
of these znoecia ; and this is by 
far the commonest arrangement, 
both in encrusting and in erect 



forms. Ill certain genera, how- ZVT.—Crismramom Ilarmer, Ply- 
, .'ii mouth. A End of a branch, x 1 ; B, 

ever, aild particularly 111 some another branch, x 20, showing the 

Ctenostomes (Fig. 238), and in ehitinoiw joints, the tubular zooecia 

. 0 ... — , . characteristic of Cyclostomata, anil 

most of the iintoprocta, the indl- the pem-shuped ovieell with a funnel- 

shaped orifice at its upper end. 
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viduuls grow' out at intervals from a cylindrical stem or “ stolon ” 
(rf), which is not composed of zooecia. 

The (Vclostomuta may assume an erect or encrusting habit. 
Their zooecia are always more or less cylindrical; the upper ends 
being often completely five, although in many cases the whole 
zooecium is closely adnate to its neighbours. In the breeding 
season the forms which belong to this group are. provided with 
curious “ ovicells,” which contain the. embryos. These may 



Fi«. 238. — Bowerhnnkia 
piiNtit/iwa KI1. and Sol., 
Plymouth. A, Fragment 
of :i colony, natural size, 
allowing the hruucliing 
Klein, hearing tufts of 
zooecia : B, one of these 
tufts, with the growing 
apex of the stcinf*/), xj£7; 
b, young zooecia (Iniils) ; 
r, the “collar " charac- 
ter iatic of Cteiiostonuita ; 
/, tentacles: C, a single 
zooecium, with expanded 
tentacles, more highly 
inagnifie-d ; it, anus ; e, 
collar ; #/, gizzard ; i, in- 
testine ; 0 , oesophagus ; 
», stomach. 


cither be pear-shaped swellings on the branches ( Crisitt , Fig. 
23 7), or they may form inilations of the surface, between the 
zooecia. The mature ovicell is provided with one or more open- 
ings, through which the larvae escape. 

The Ctcuostomata rarely have even the slightest trace of calea- 
rt Mins matter. Akyonidium and its allies form soft encrustations, 
or may even, grow into civet masses six inches or inore in height 
(A. ydatino&um). . In this type the zooecia are often so closely 
united tliut it may be difficult or impossible to make out their 
limits in the living colony. Many of the dendritic or branching 
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Ctenostomcs (Fig. 2MS) are characterised by an extreme delicaey 
of lull lit. The zooecia in them*, eases are sharply marked off from 
tlie stem. They are either cylindrical or ovoid, being commonly 
attached by a very narrow base, so that in some species they 
readily fall till* and may thus 1 m*. completely absent in certain parts 
of the colony. In such forms as Vru ucuhtriu. s/n'iiotuf, it requires 
considerable experience, to recognise a stem which lias lost its 
zooeeia as being part of a Tolyzoon. In MinmaiUa the zooecia 
possess a remarkable power of movement on the stem, similar 
to that possessed by the leallets of the. Sensitive Plant. 1 In 
certain forms (JjtnrrrlntHl-ut, Amnthia) the zooecia occur in groups 
separated by intervals which are devoid of zooecia, but in other 
cases they may have a more irregular arrangement. The collar 
to which this group owes its name is by no means a. conspicuous 
feature. Its position when retracted has been shown in Kig. 
2.‘>4, while Fig. 2.'»8 further illustrates its relations. 

The. rheilostomata grow in a great variety of forms, and also 
show a wide range of character in their zooecia. The orifice is 
commonly surrounded by stiff spines (Fig. 257, p. - r » lit), which 
perhaps have, the function of protecting the delicate, polypidcs 
from the sudden impact of foreign bodies. Those spines may 
attain an enormous development, as in Jiirr/laria ci/iaftt, and some 
forms of K/rrtra (J/r7//7//v/ nijmrtt') j/i/usa (Fig. 250, A). 

The operculum is usually, though by no means always, a con- 
spicuous lea tu iv of the ('heilostome zoomum. It. is invariably 
of chitinouH consistency, and is more or less semicircular in out- 
line, the straight edge forming a hinge on which the operculum 
opens. In some cases the orilicc is surrounded by a raised 
margin or “peristome” (Fig. 255, T>, C); the operculum is then # 
situated at the bottom of a depression of the surface, and may he 
concealed from view. In others, in which the front wall of 
the zooeeium is membranous (Jjhi/h/u, Fig. 23.*»), the operculum 
is merely a part of this membrane, and so is quite inconspicuous; 
and in cases of this kind the membranous wall may he protected 
by an arched spine, the "fornix,” developed from one* side of the 
zooeeium (Fig. 254,/). The ovicclls are commonly a conspicuous 
feature of this group, although they are believed to differ funda- 
mentally from those of Cyclostomata. They have the form of a 
helmet-like covering overhanging the orifice (Figs. 240, 241), 

1 Hincks, Jirit. Mar . Polyzwt, i. p. T>5S. 
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and may lie either prominent or more or leas concealed by the 
growth of adjacent parts of the zooecia. The presence of ovicells 
of this description is perfectly distinctive of the Cheilostomata. 

Avicularia and Vibracula. — Most singular of the external 
appendages of tlie Cheilostomata are the extraordinary "avicu- 
laria” and "vibracula” of some genera. 1 By the comparison of a 
carefully selected series of genera, it has been established that the 
avicularium is a special modification of a zooecium. One. of its 
least modified forms is found in Flu&tm foliacca (Fig. 232), 



Fill. 239. — Forms of nvir.ularia. A, Cell aria Jistulnsn L., Plymouth, x 43 ; a.z, avicu- 
larian zooecium, with closed mandible ; o, operculum of zooecium : B, Srhizopnrella 
unienmiu Johnst., Scilly Is., x 43 ; zooecium bearing two avicularia ; ;//, opened 
mandible of avicularium ; s, sinus of orilice : C, zooecium of Smittia lontirfmromi 
Johnst., Plymouth, x 4&; the operculum is seen at the Inittoin of ft dej>ression 
surrounded by a tliiu collar or “ peristome," in an emargination of which is seen 
an aviculariau zooecium (u.z) • m, mandible (opened) ; j/ t pores ; t, tooth. 


where the avicularia (a) are small zooecia with a conspicuously 
large operculum (“mandible”). Avicularia of a similar type 
occur in Cclluria (Fig. 239, A), Schizothwa , etc., the avicularium 
occupying the place of an ordinary zooecium. These are the 
“ vicarious ” avicularia of Mr. Busk. 2 

In the next stage (Figs. 239, B, 250, B) the avieularian 
zooecium is further reduced ; it lias in most cases lost its place : 
in the series of individuals, and is found instead seated on some: 
part of an ordinary zooecium (“adventitious” avicularia). Tliqv 
avicularium now consists of a much reduced zooecium, bearing 
the well-developed operculum or mandible. . f 

1 Sec Hindis, Brit. Mar . Pobjzoa, i. p. lxiv. ; and Busk, Cat. of Marine Polyzoa in 

the British Museum, part ii. 3854, p. 103. • 

2 J. Linn. Hoc. xv. 1881 , p. 359. • )■ ' 
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Having arrived at this point, the avicularia Hcem to lose all 
^ense of the propriety of remaining in the positions once occupied 
■by zooecia. They liave become degraded to the rank of append- 
ages of the zooecia, and as such they may occur in an astonishing 
variety of positions. Sometimes one occurs on each zooecium in 
the middle line, or asymmetrically, or even on the top of the 


ovicell; in other cases the 
_ orifice is. flanked by an avi- 
culariiim on each side (Fig. 
239,15). Sometimes ( ( \ ellc - 
pant) the avicularia are of 
more than one kind, some * 
being large and some small, 
some having a pointed man- 
dible and others a mandible 
with a rounded spoon-like 
. end. 

1 

In the wises so Jar con- 
sidered, the body of the 
avieularium is fixed. The 
highest ■ differentiation 
acquired by these structures 
occurs in cases like Jhujuln , 
where they are borne 011 
flexible stalks, which may 
even exceed the avicularia 
in length. 1 

In Bugula turbinata (Fig. 
240) each zooecium is pro- 
vided with one of these 
appendagcH, attached to the \ 

• base of the outer of the two 
spines which border its ori- 



’ 10 . 240 . — Jhujula turbinata . , showing avicu- 
lnria (u, a'). The figure is explained on p. 
468. 


flee. The avicularia of the two edges of the flattened branch 


are much larger than those of the more internal zooecia. The 


tipper jaw is strengthened by a kind of buttress, or thickening 

yof the ectocyst, which passes on each side across the avieularium 

■to the hinge-line of its mandible. The upper part of the beak 

is strongly hooked, while the tip of the mandible bears a 
£ 

r} : . \ “ Cliallepger 11 Report, part xxx. 1884, pi. ix. 
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prominent spike, which Jits inside the upper beak when the jaw 
snaps. A great part nf the head is lilled with a strong muscle, 
whose Jihres exhibit a <listinct transverse striation, and converge 
into a median tendon. The latter is inserted iuto the middle 
of the mandible. The muscle serves to close the jaws, and' 'is 
the representative of the muscles by which the operculum is 
closed in an ordinary zooecium. The lower jaw is opened by 
means of a pair of muscles which are situated immediately under 



Flu. *241. — Illustrating the transition from aviculnria to vihruculn. A, Micrujnnv//tf 
rilvita Pali., Srilly Is., x U'2 ; //. avicularium with short maiidihlu (closed) ; t/\ 
Hviciilarium with vilirurtiloid mamlihlu (open) ; «#./#, median porn ; <>, nvictdl : B, 
Mti stiff ttphoru ihttrrtrei And., Shetland is., x 47 ; sinus of or i lice ; r, seta of 
vihraculum (or vihruciiloid avkulurimu). 


the ectocyst of the uvieulurium, and jiass into the mandihle close 
to its hinge. 

Within the. jaws, in the region which we may term t.hr 
palate, is a rounded knoh, which bears a tuft of delicate sensory 
hairs, which doubtless enable the avicularium to recognise the 
presence of any foreign body. The closure of the mouth may, 
indeed, lie instantaneously induced by touching it with the point 
of a needle. It has been suggested that a small mass of cells 
which hears these, hairs may represent the rudiment of the 
polypide. 

The “ vihraculum” (Fig. 242 ) is regarded as an uvieulurium 
in which the mandible lias become elongated, so us to form a. 
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thin, Glutinous “ seta,” which from time to time moves through the 
water. The part of the vihraculum which represents the zooecimn 
commonly Invars a tubular rootlet, used for attaching the colony 
t.c the substance on which it is glowing (Fig. 2o4, ]). 517). 

In MirropureUa c.ilwta (Fig. 241, A) the avicularia are very 
variable, and in some cases take 1 011 a “ vibraculoid ” character. 
Ihit in tlie fully-developed vihraculum (Fig. 242) there is usually 
no such compromise of characters. It may, however, be noted 
that Svrnpon'Huria svahra (Fig. 2o4), which belongs to a genus 
characterised by its highly differentiated vibracula, possesses 
structures (r.z) which could hardly be distinguished from avicu- 
laria were it not lor the presence of the rootlet (/*). 

I 11 the 1 course of some observations which T had the oppor- 
tunity of making on ttuynfa rahttkvs at Naples, a fine hair offered 
to a small colony was seized with such force by the avicularia 
that the entire eolonv was lifted out of the water by the hair. 
The same colony had raptured (1) a small AV/r/.s, which it held 
with several of its avicularia : (2) an Anisnpod Crustacean, 2^ 
111111 . long; and (:») a small Ainphipod, which was held by one of 
its antennae. The Anisopod was held hv the tip of one leg with 
one avicularium, and by t he penultimate joint, of one of its chelae 
with an avicularium of another brunch. It was captured in such 
a way that its chela, the *■ hand ” of which was about half as long 
as the avicularium, actually closed on to the avicularium without 
being able to effect its escape. A little later the other chela was 
caught by another avicularium. Curiously enough, however, an 
avicularium (lid not necessarily close, even when part of a captured 
animal was actually in its mouth. The avicularia made no 
attempt to place themselves in an advantageous position for 
catching fresh parts of the AV/r/x, which they might easily have 
done. The avicularia which had captured prey remained motion- 
less. The others moved backwards and forwards (cf. the various 
positions of the avicularia shown in Fig. 240) ten times in to 
1 minute, snapping their jaws perhaps once in that time. The 
two Crustacea were still retained by the avicularia two days 
later. On the next day they had both disappeared ; but the 
colony had again caught the A Weis, which had previously effected 
its escape with the loss of nearly all its tentacular cirri. 

These observations, anil others which have been recorded, do 
not, unfortunately, give, any information as to the purpose of the 
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movements of the avieularia and vihracula. It is obvious that 
they may lie defensive in character; and it cannot lie doubted 



Flu. 242. — f'uherrn rUixii Klein., Norway, 
x 40. Jiurk view of part of a branch. 
The large vibracular zouiviii iv.z) occupy 


that the. avieularia can prevent 
inquisitive worms from* stray- 
ing at will over the surface, of 
the colony. There is no evi- 
dence. to show that animals are 
discouraged from interfering 
with a JhnjuJa owing to the 
presence of its defensive weapons. 

It is not, .indeed, certain 
what are the enemies against 
which the l’olyzou have specially 
to guard. Sea-urchins and cer- 
tain Molluscs are known to 
browse on Polygon. Flush- 
water Polygon, ill which avicu- 
laria and vihracula are alisent, 
are attiu*ked by the larvae of 
Insects, and by Triclad Planar- 
ians. I liave found the latter 
with their long pharynx everted 
and completely buried in a 
CrLsftUt'l/a colony. It is pos- 
sible that some murine Cheilo- 
stomes may lie saved from 
attacks of this kind owing to 
the existence of their armoury 
of avieularia and vihracula. 
It in also possible that these, 
structures are of service by. 
removing foreign particles which. , 
might otherwise settle on the/ 
colony, and tend to .block- up! 
its orifices. It has further; 


warty the whole of the surface. Injun suggested that unimals.., 
Seta ol Vibrorulutu ; zooccia. * v , 

seized by the avieularia ina$*> 
lie held until they die, and that their disintegrating particle^ 
may then he carried to the months of the polypides by the ciliarjj 
currents of the tentacles ; but proofs of this suggestion |tre i 
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wanting, uiul it must be admitted that the subject needs further 
elucidation. 

The vibracula ordinarily remain stationary for some little 
timc v £Yery now and then giving a sweep through the water. In 
the majority of cases these structures, like the aviculuriu, act 
perfectly independently of one another, so far as can lie made 
cait; hut in Cnhrrett- (Fig. 242) the vibracula move in unisou, 
the sim ul taneous action of the whole series, after a period of 
quiet, being described as “ positively startling.” 1 

It has been stated by Husk 2 that the entire colony in Srfen- 
nria and LunuHtrs may 1ms moved from place to place by the 
large vibracula which these forms possess. 

Entoprocta. — The Entoprocta, although a- very small sub- 
class, deserve special consideration, if for no other reason, from 


5 



Flo. 2-13.- ■Pctlirrllina cermta Pnl , Guernsey. Entire colony. > The colony hae 
three growing ends, a ; 1-8, individuals of colony ; 1 and 8 are quite immature 
and 7 (tentacles retracted) is still young ; 2, is seen in longitudinal section ; y, 
generative organ, and below it the ganglion ; m, month ; r, rectum ; stomach ; 
between y ami r are three, embryos in the brood-pouch ; the tentacles are retracted ; 
in f> and 0 the tentacles are expanded ; in 6 two embryos are seen within the circle 
of the tvntacles, to the left of them is the rectum, and to the right the mouth ; 3 
is in the act of losing its calyx, and lias already developed the beginning of a new 
polypide-hud ; in 4 the primary calyx has been lost, and the new culyx is clearly 
marked oil' from the stalk. 


the fact that many writers regard them as the most primitive 
group of Tolyzoa, and consequently as the forms which show 
most affinity to other classes of animals. 

their most obvious characteristic is, as wo have already seen, 3 
the position of the anus within the circle of tentacles. The 
individuals formed by budding always remain more separate from 
. one another than those of most ’Ectoprocta. 

1 Hincks, Brit. Mar, Polyzoa , i. p. 58. 

1 Brit. Mm, Cat, part ii. 1854, p. 106 ; Hincks, t, cit, p. 181 n. 3 p. 475. 
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Tin 1 , com me most Kntoproctous genus is Pnl icrlf hut , a graceful 
little animal, which occurs un many parts of our const. It may 
often he discovered hy looking carefully on the pink, jointed, 
calcareous alga, ('until hut, which may he found growing at the 
edges of deep and cool rock-pools not too far above low-water 
mark. Its creeping stem or “ stolon ” is firmly attached to the sur- 
face of tlm seaweed, and sends oil* vertical stems here and then?. 1 
Each stem hears a “calyx,” which is practically an individual of 
the colony. The stolon terminates, at one or both ends, in a 
growing-point (</), from which new individuals are budded off. 
The stalks bend from time to time in a curious spasmodic manner, 
by which means the calyces are. moved about with an irritable 
and angry air. A good idea of the way in which the tentacles 
are folded away whim the. animal is disturbed may he obtained 
by putting the two wrists together, with the fingers spread out 
to represent the tentacles, the retraction of which would he repre- 
sented hy turning the tips of the fingers down into the space, the 
** vestibule,” between the two palms. A delicate fold of skin 
growing from the edge, of the calyx closes over the retracted 
tentacles, owing to the contraction of a sphincter muscle present 
in its circular edge. The body-wall is not separated from the 
alimentary canal by a definite body-cavity, so that there is no 
obvious distinction between the polypide. and the zooecium. The 
existence of t he Entnprncla is in fact a strong reason for refusing 
to admit that these two terms correspond with two different 
kinds of individuals. 

bet us now imagine the condition we should have if a large 
and continuous cavity were developed between the alimentary 
canai and the body-wall. The body-wall would clearly have the 
general relations of a zooecium, while the alimentary canal and 
tentacles would obviously correspond with the. polypide. The 
existence of the body-cavity would make it possible for the animal 
to ntrttrf. its tentacles instead of merely turning them in. Re- 
garded in this way, there is hut little difficulty in comparing the 
Kctoprocta with the Entoprocta. 

The calyces are deciduous, is. they are lost from time to 
time, the end of the stalk then producing a polypide-hud, which 

1 Unrmtsia Hincks ( — Awo/uuhtritt Jiusk) dill'crs from Pcdio'.llinu in that each 
stem has a muscular swelling at its hasp. The genus is represented hy two Hritisli 
species, II. •jmet/is Sars and 7». iiudosu Lomas. 
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forms the vestibule and alimentary canal of a new calyx. TIencc 
the phenomenon which may so commonly be noticed in JWivrllrmt 
of a 11 young head on old shoulders.” The loss of the calyces may 
have some relation to the formation of the “ brown bodies” in the 
Ectoprncta. 

Another Entoproct, Loxnxnina (Fig. 24n) is remarkable for 
being the only Polyzoon which is not colonial. The buds, which 
are formed in two lateral series, break oil' as soon as they are 
mature, and at once begin to lead an independent existence. 
Ln,ruftn/tta is further remarkable for being almost invariably 
found cummensally with other animals, where it may occur in 
enormous numbers. L. jt/tftxnrfoxo nut turn, common in the Channel 
Islands, is only found oil the tip of the tail of 1 'Inixaihmonm 
(see p. 4281, which inhabits the mud of Znxh'w- beds. Other 
species are found on the external surface of 
certain sponges ( Trthi/u, .Ei/xjuipt/ia, Caro- 
xjmtif/itt ) ; or on the outside of a compound 
Ascidian, Lr/ifurfiii /////, which may itself be. 
carried about as a detachable covering on 
the back of a crab (/JniMui). Another 
species is found on the- ventral surface of 
the Polychact Aphrwlitr, and of its ally 
Jfrrttiioiir. 

A. tnnir/uJirnltt , ail interesting species 
recently investigated bv Trouho, 1 was origi- 
nally described in 1«8().°» as a Trematode, 
und'T the name of ( 'i/chtfellti. It. escaped 
lurthcr notice until it was again found in 
t he. neighbourhood of lioscolf, in Hrittany, on 
certain Polyehaets belonging to the family 
Maldanidae (sec* p. .‘P»2). The calyx has a 
very flattened form, and is borne on a short 
stalk, which terminates in a large attaching 
dise, formerly mistaken for the sucker of a Trematode. The 
features in which this species differs from other members of the 
genus are. shown by M. Proulio to he correlated with its mode of 
life. The animal has the habit of lying Hat on its back, the 
disc at the mid of its stalk being firmly attached to the skin of 
the worm, and its short stalk l>eing bent round into a curve so 
■ 1 Arch. Xool. Exp . 2 si'r. ix. 1891, p. 91. 



Fin. 211. — Siili* view of 
f.nxnmnn(( an nclidirola 
Van (tail, and Hesse, 
x fiO. 1 Fnnu Proulio.) 
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as to bring the calyx into a supine position, with its lopliophpre 
directed upwards. This habit, together with its flattened form, 
prevents it- from being crushed between the worm and its tube. 
1 »ii t without some further provision its position might bo merely 
a source of danger. For supposing the calyx to bo directed 
backwards in relation to the worm, a sudden backward move- 
ment of the latter into its tube might bring the Loxonmia into 
fatal contact with the inner surface of the tube. There would 

obviously not be suilicient room to 
turn round in a nrfival plane, so as to 
bring the body into a position of 
safety, t.r. into a position in which it 
moves stalk first. Hut by a beautiful 
arrangement of the muscles of its stalk 
this movement is effected in a hori- 
zontal plane; on touching the Tjoxosama 
with the point of a needle it would 
swing round in this way through 180’ 
with “ line rapidite qiii etonne.” 

UrnatrUa 1 is a beautiful form with 
a segmented stalk, the stalks usually 
arising in pairs from a common base. 
Tt lias at present only been found in 
fresh water in the United States. 

I’ra 245. — Diagram of the *tru<*-‘ Iu J^irrllina this plane of the 

ture of Loxosuimi , much from lopliophore is at right angles to the 

70? ‘T 1 A^ 11 ; 'T'l.ua* l”"! Htillk > whil ' h is wJiMinitttl from 

hy a marked constriction. In Lou: 
soma the lophnphorc is set obliquely, 52 
oe, oesophagus ; *, stomach ; ttll j there is no constriction Jit the base 
raraUw tultlia * A 0 f the calyx. In UrnalvUa we find an 

intermediate condition, the lopliophore resembling that of Loxo- 
soma, while the constriction at the base of the calyx is similar 1 
to that of lWircUina. Since the latter is known to pass in its 
development 3 through a stage witli Jin oblique lopliophore, it 
may be presumed that Loxosoma is a more .archuic form than 
iWurHhin. In other respects, the structure of the Kntoprocta 
is very constant, whatever the genus. 

1 For .structure, .see Davenport, Bull. Mum. Harvard, xxiv. 1893, p. 1. 

8 Xofar, oblique ; oti/ta, body. 3 Quart, J, Micr. Sei . xxvii. 1887, pi. xxi. Fig. 10. 



excretory organ foot-gland 
it, ganglion ; t/u, generative 
organs ; o, orifice of vestibule 
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A pair of ciliated excretory tubes open into the vestibule. 
These are similar in structure to the “head-kidneys” of the 
larvae of Polychaet worms, or to the excretory organs of adult 
^Rotifers. Flame-cells have been described by Davenport in 
the stalk of Umudella., but it is not known whether they are 
connected with the excretory tubes of the calyx. The animals 
are either hermaphrodite or* have separate sexes, and the gener- 
ative organs open by ducts of their own into the vestibule. 
The nervous system consists of a ganglion placed between the 
mouth and the anus, giving off a set of nerves, many of which 
end in delicate tactile hairs placed on the tentacles or other 
parts of the body . 1 

1 For a recent account of tho Entoprocta, see Killers, “Zur Kcnntnissd. Pedicel - 
lincon," A bit. firs. ( Jottimjen , xxxvi. 1890, Nn. iii. 

[Ail important account of Lite structure of marine Ectnprocta in given l»y Calvct, 
** Contribution a lTIistoiru Niiturullo dcs Hryoxoaircs Ectoproctes Marins," Trnr. 
Inst. Zool. Montju'.llicr , N.S. , Mom. No. 8, 1900.] 
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MOKPIIOSIS PL’DDINO. 

Fresh-water Polyzoa. — Although the (iymnolaemata are 
ordinarily marine animals, fresh -water exani])les from this ( )r<ler are. 
not altogether wanting. The Ctenostoniata among the typically 
marine groups show the most tendency to stray into fresh -wafer. 

Ali i/nniil imn and JSoirrrb«nki<i (Fig. 2i»«X) tloiirish in estuaries, 
while yirtonUn and VW utUcelln (Fig. 250) are only known sis 
fresh or brackish water forms. Yivltnrlla was mimed after the 
Victoria Docks in London, where it was first found ; more recently 
it lias also been discovered in other parts of England and on the 
( 'out incut. 1 

The systematic position of the genera llixfupia and Xnrtahmia? 
which have been described from fresh water of India and China 
respectively, is at present uncertain. The undoubted Cheilostuine 
M mhrunipora has, however, a "British representative (J P mono - 
which occurs in brackish water, in ditches on the. coast 
of Last Anglia. Tt is then 1 known to form “friable, irregularly- 
shaped, sponge-like masses,” which grow on water-plan ts. ;l 

1 Kr;tt’]K-liii, K.. “ Die dcuUclion Siisswassur-Dryo/ocii .” — A bit. Vvr, Hamburg, 
x. 1 $s7, No. 0, ]». Sift. 

■ •! nil it'll. Iiutf. Snr. %tw7, J^rancn, x. 1S85, ]». 92. 

JI nicks, licit. Marine Myzrnt, i. ]>. 132. 
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The Entoprocta, as we have seen, are represented in fresh water 
by the genus UrmtcHa . 

The Phylactolaemata are all exclusively fresh-water group, 
and they are believed by Kracpelin 1 to have been derived from the 
(■teurtstninala. Many of their special peculiarities can, with great 
probability, be regarded as adaptations to a fresh-water existence. 
This is particularly clear in the ail but universal habit of dying 
down in the winter, and in the occurrence, of the. sn-callcd 
statoblasts (Kig. -f»l), which are hard-shelled reproductive 
bodies, absolutely restricted to the Phylactolaemata, and capable 
of resisting the winters cold and even a certain amount of 
drying up. Phylactolaemata have indeed been recorded from 
the tropics; but it is not yet sulliciently clear how they there 
behave in these respects. F. Muller 2 has found these animals in 
Mrazil, where they are said to be more common at certain periods 
of the year than at others. Stuhlmann has found them in 
Tropical Africa (Victoria Xyanza, etc .); 3 and Meissner 4 has 
discovered the sessile statoblasts of Plumtttflla on the shells 
preserved in the Merlin Museum, of species of the Mollusc 
Aetheria from various localities in Africa. Fresh-water repre- 
sentatives of a considerable number of other groups of animals 
agree, with the Phylactolaemata in the possession 0 f reproductive 
bodies which are protected by bard coats. Such, for instance, 
are the ephippiuu ova of Duphnia — bodies which have an extra- 
ordinary external similarity to statoblasts — the gemmules of 
Kpongillidae, the winter-eggs of Phahdocoels and Mothers, and 
the cysts of Protozoa. The evolution of these bodies in so many 
widely dillerent cases may have been due to the selection of 
variations calculated to minimises the dangers attendant on the 
drying up of the water in summer, or 011 its freezing in winter. 

The Phylaetolaemata are by no means uncommon, although 
they- can seldom lie found without a careful search. Their pres- 
ence may often lie detected by taking advantage of the property 
of the five statoblusts of rising to the tup of the water, where they 
cun he discovered by skimming the surface with a tine liand-net. 

The colonies themselves are usually found attached to water- 
plants, roots of trees or stones. Most of them flourish best in 

1 T, cif., p. 167. 8 Quoted by Kraepelin, rtt,, p. 83. 

Kruepolin, Abb. Vcr . Hamburg, xii. 1893, No. 2, p. 65. 

4 Zool. Anz ., xvi. 1893 (1894), p. 385. 
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u zone not more than two feet below the surface* Certain species 
show a perfereiiee for floating leaves, such as those of water-lilies, 
where they are not liable to be dried up by alterations in the 
level of tin? water. Some forms (e.g. Phtmntdht , Fig. 240) are, 
however, able to withstand being dried for some time. *Most 
s]>eeies prefer shady places, and accordingly settle oil the lower 
sides of leu vi's and sticks. Others (e.g. Cnx/ntdla> Fig. 247) 
have no objection to the direct rays of the sun. Most forms 
prefer still water, hut one or two are found in running water. 

Fm/crivd/a is a common .constituent of the deep-water fauna 
of Swiss Lakes (down to over forty fathoms); and reaches there 



a size considerably larger than the 
shallow'- water form of the same species. 
Pithnliedfa is common at thirteen 
•fathoms. These two genera, with 
P/tnatt/dhi, have been found in absolute 



FlO. 216.— A, Phi mat f tin (Alryo- 
nut In) funi/iHui I'all., Naples 
(fresh water), small part if a 
mass, natural size : B, PI ma- 
tt lla rf/trn.s L., It. Yiin, on 
the leaf of u water-lily, natu- 
ral size. 


darkness, under a pressure of 2^ -5j 
atmospheres, in the Hamburg aque- 
duct. The Polvzoa and oilier organisms 
growing in the water-supply of Ham- 
burg were accused of being concerned 
in the spreading of cholera, during the 
recent epidemic, by choking up the 
w’ater-pipcs, and creating obstructions 
which formed a favourable, nidus for 
the development of cholera-germs. 

The colony may take the form of a 
series of delicate, branching tulies 
( Phunutdln , Fmlrrivd/a ), of more mas- 
sive. aggregations of parallel tulics (as- 
in the Alcvonelloid forms of P/uma - 
/din ), or of gelatinous masses of vary- 
ing size (LnjifwjHiA, Crisiftid/fi). 


Crixfutd/a wiimlo (Fig. -47) is remarkable for its power of 


moving from place to place ; it consists of an elongated mass of 
greenish, gelatinous substance, which, in its fully developed state, 
may reach a length of eight inches or more, with a transverse 


diameter of three-eighths of an inch. It has a flattened sole on 


which it crawls, while the graceful plumes of its numerous 
polvpides protrude, as a delicate fringe from its upper side. 
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The tentacles are about eighty to ninety in uumlier, and they 
are, as in other rhyluctoluematu, united at their bases by u 
delicate web. The lophophore is horsc-slu Hi-shaped (Fig. 23fi, 3) 
throughout the group, with the exception of Fvcrfe.ricello , in which 
genus it is circular. 

In some Phylactolaeniata the polypide lias been observed to 
interlace its tentacles, so that the plume becomes a kind of cage, 



Flo. 247 . — Cristaidln mucci/o Cuv. (a small colony), It. Yare, above Norwich, x 24. 


in which the more active Infusoria are imprisoned until their 
struggles have so far weakened them that they are swept into 
tlie mouth by the action of the cilia of the tentacles. 1 

, Around the edge of the Cristatclla is found a zone of budding 
tissue, which gives rise continuously to new individuals. Now, 
whereas in ( Jymnoluemuta the growing edge gives rise to zooecia, 
whose cavit ies become completely cut off from that of the older 
ones; in 1’hylactolaenuita the partitions between the zooecia are 
never completed. The body-cavity of Cristatclla is thus a con- 
tinuous space, interrupted at the margin only by vertical septa 
(see Fig. 247), which represent the partitions between the 
zooecia of other forms. 

The body-wall consists of two epithelial layers of ectoderm 
and mesoderm, between which is a layer of muscular fibres. 

. 1 Hyatt, Proc. Essex Institute (U.S.A.) (reprint from vola. iv., v. 1866-1868), p. 0. 



496 


I’OLYZOA 


Parts «if t I k? epithelium lining the Imdy -cavity are ciliated. 
Iiit-ci the common body -cavity hang the polypide-buds at the 
edge of the colony, and the mature polypides in the more central 
regions. There are usually three rows of polypides on either 
side of the middle line, in the neighbourhood of which is an 
area devoid of polypides, hut containing “brown bodies" and 
statoblasts. The polypides nearest to the middle line pass in 
succession into the condition of “brown bodies” while young 
Inals near the margin grow up eoineidently to form new 
polypides. 

The movement of the colony is in the direction of the long 
axis, although either end may go first. Sir John Dalyell records 
an observation 1 on a specimen Oil mill one inch long) which was 
artificially divided into two halves. The two halves “ receded 
from each other as if by common consent,” and were nearly an 
inch apart in twenty hours. 

An observation made at ('ambridge on a small colony of 
about 7 mm. in greatest length gave the. following results. 
The colony moved IS mm. (nearly twice its own length) in 
N| hours: in the next 40 hours it moved 20 mm. (j inch); 
while in the following 24 hours it moved only 0 mm. Large 
colonies change, their place only with reluctance. 

The. locomotive power possessed by (^ris/a/rl/tt. is not nni<pic 
among Pliyluctolucmuta. Lophopa*. the first fresh-water Pnlyzoon 
of which any description was published, was originally described 
by Trembler in .1.744 under the name of the “ Polype a pannaehe.” 
Trend iley observed the spontaneous division of the colony, 
/’ ii / burnt by the y rail oaf nr partition from one another of the 
(faiitfh/rr-mfo/tirs r The power of dividing spontaneously is also 
possessed by colonies of (-ristatrl/a and of JW/inatrlla . 

The colonies of Lophopnn are surrounded by an excessively 
hyaline cctoeyst, and are usually triangular, us shown by Fig. 
248. ■ "When division is about to occur, the base of the triangle 
becomes indented, and the indentation travels towards the apex 
in such a way as to bisect the triangle. The two halves diverge 
from one another during the process, so that before, division is 
complete, they arc 1 looking, in some eases, in opposite directions. 

1 Jin rr and linmi rfaihlr .Ini mat* nf Sent fa #///, ii. 1848, p. 93. 

“ Tmnbley, Mftn. ftisf. Pi Jains, 17-M ; iii. .Vein . , p. 217. The Name processes 
are described by linker, Eia^injnunt for the Microscope, new ed. 1785, p. 311. 
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genus JWtinatt'Ila also lias 


After a time the narrow connection breaks, and two new colonies 
are formed. 

Fig. 248 shows a colony shortly after division has taken place. 
The colony had moved forwards, in 
a direction away from its apex, for 
three days in a nearly straight 
line, the distances moved in each 
day lieing respectively G, 8-£, 8-g- 
liiiii These 1 , observations, for which 
I am indebted to Mr. Lister, show 
a considerably higher speed than 
in those recorded by Trombley, 
who observed no colony which 
moved more than half an inch 
(12*5 mm.) in eight days. 

The w 

some power of locomotion. This 
magnificent Polyzoon occurs in 
masses • several feet in length (as 
much as six feet in J\ ydathwm 
from Japan 1 ), and four to eight 
inches in thickness. The greater 
part of J\ vunjnijint 2 consists of a 
thick, opaline, and gelatinous ecto- 
cyst, the upper surface of which is 
covered by hundreds of rosette-like 
colonies, which increase in mu iber 
by division. The masses are thus 
aggregations of colonies, which 
secrete a common basal ectocyst. The latter decays in the 
autumn ; and the separate rosettes, or groups of them, may thus 
be set free, being found as floating masses, which may again 
attach themselves to v. solid object till the time of their death. 
Fectinatella has not yet been recorded in England, although, con- 
sidering the ease with which statoblasts are transported, it is by 
no means improlwible that it will eventually be recorded as a 
British genus. It is at present known to inhabit America, 
Japan, and Hamburg. 

It is by no means certain what is the mechanism by which 



Fill. 248 . — Luphnpus rrystalli n ns Pal 
Cam bridge, showing the rate of 
movement. The colony awl the 
distances moved are >. 2. 


1 Oka, J. Coll . Japan, iv. 1891, p. 90. 
VOL. II 


* Hyatt, t. cit. p. 99. 

2 K 
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movement taken place in the above cases. Tlie ectocyst of Cris- 
t at din is confined to the base of the colony, and there forms a 
thin slimy film, which lubricates the surface over which thft 
animal moves. It has been stated 1 that progression is produced 
in the following way. The polypides arc withdrawn by means 
of retractor muscles, which originate from the septa and inner 
surface of the sole. Thus at each retraction of any polypide, the 
muscle pulls on a portion of the sole. Should the expanded 
polypides place themselves in a suitable position, the movement 
will t>e in the direction of the resultant of the forces due to the 
sc] «t rate retractor muscles ; while it is probable that their cilia 
assist in the onward movement. It should be noted that it is 
definitely stated that a colony in which all the polypides are 
retracted can alter its position ,' 2 although even then the retractor 
muscles might still contract to some extent. 

The movement probably depends on several causes. It must 
probably be conceded that the sole itself has some effect on 
this process. Its outer cells are contractile, and have* the power 
of raising themselves from the underlying ectocyst. They may 
then again attach themselves, and this new attachment does not 
always take place in exuctly the same place as the former one. 
Anv movement of the muscles of the sole, or of the retractor 
muscles, will thus shift the skin to a new place . 3 

Protrusion of the Polypide. — While it is perfectly clear 
that retraction is principally performed by the great retractor 
muscles acting directly on the polypide, it is less easy to explain 
the converse movement. There can, however, be little doubt 
that protrusion is effected by the pressure of the fluid of the 
body-cavity, caused in large part by contractions of the common 
body-wall. 

Xow since, in Crixtatdlrt, the body-cavity is a continuous 
space, any pressure on the fluid must act uniformly on all its 
contents. The cause which determines the protrusion of a poly- 
pide is thus to a large extent the relaxation of the spliiucter- 
m use le which surrounds its orifice, aided by special muscles 
which dilate the orifice. Any polypide which is retracted while, 
the pressure of the fluid in the body-cavity is suilicicut to keep, 
other polypides protruded, must therefore keep either its retractor-' ‘ 

1 VfTworn, Zt iMtr. miss. %wl. xlvi. 1888, p. 119. y Dalycll, t. cit. p. 94.. 

Krai'pcHn, Ahh. Vrr. Hamburg, x. 1887, No. 9, p. 141. . <. 
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\nuscles or its sphincter in a 
state of contraction in order to 
femain in that position. And 
as a matter of fact, Oristatella 
and Lophopns differ from most 
other Polyzoa in the readiness 
with which they expand their 
tentacles, after they have lieen 
induced to retract themselves by 
mechanical irritation. 

Plnmatrlla and other forms 
have a chitinous ectocyst, which, 
however, is sticky when it is 
first formed. By virtue of this 
projusrty, the branches Income 
attached to the leaf on which 
^ the colony is growing, and may 
have their natural transparency 
obscured by taking up foreign 
bodies. The stiffness of the 
ectocyst naturally involves some 
modification of the process by 
which the polypides are pro- 
truded. In some cases, this is 
effected by the separation of the 
endocyst from the ectocyst in 
the lower parts of the tube. 
The muscles of the* body- wall 
can thus press on the fluid of 
the body -cavity without being 
restrained by the inflexible ecto- 
cyst. " In other Crises, the tube 
. of ectocyst is rendered flexible 
t ; by the presence of a thin line 
' along one side where the chitin 
is deficient. 

r The upper end of the re- 
tracted tentacle -sheath is con- 
* indicted with the body -wall by 



Fig. 249 . — Plumatella re-pen* I,., R. Yare, 
x SO. «, Amu ; b, polypide-bud ; c, 
caecum of stomach ; rf, duplicature ; e t 
epistome (see p. 470) ; /, funiculus ; 
g, ganglion ; m, retractor muscle ; p, 
parieto-vaginal muscles ; ph, pharynx ; 
statohlusts attached to/. 


■ -bands known as the parieto-vaginal muscles (Fig. 249, p). These 
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serve not only to dilate tlie orifice when protrusion is commeuc- 
intr, but also to prevent the polypi do from being forced out too 
far. They are arranged in such a way that a circular fold, the 
duplicating (</), is never tinned inside out, even in the state of 
complete protrusion of the polypide. 

The mechanism of the protrusion of the polypide in the 
(ivmnolaemata is in many case's obscure. The body-wall is not 
muscular in this group, in some forms of which, however, short 
strands known as the parietal muscles (Fig. 2 .‘5 4, ]>) pass across 
the body -cavity from one point to another of the zooeeiuiii. 
As doubts have, been thrown on the function of these muscles in 
causing protrusion, it will he worth while, to refer to the detailed 
and convincing statements of Farrc, 1 * * relating to this point. 

Farres observations wen' made, on certain transparent Cteno- 
stoines (lhnm'lH9nkui and Fnrrrfla). He states that the parietal 
muscles “were distinctly seen to contract whenever the protrusion 
of the animal took place, and to become relaxed again upon its ^ 
retiring into its cell.” Their contraction may indent the outline 
of the ectocyst, or may cause the se]Miration of the eudocyst from 
the ectocyst. The eudocyst is then drawn into longitudinal lines 
at the origin and insertion of these fibres. It is further suggested 
that some part is played in the process by the muscular walls of 
the alimentary canal, which is a good deal lx a nt in the retracted 
condition. The effort to straighten itself is believed to have 
some share in forcing out the polypide. The flexible, membran- 
ous character of the “aperture” (see p. 524) in Membramyont 
(Fig. 25G, A; is said by Nitsche J to be an arrangement for the 
protrusion of the polypidcs; the parietal muscles passing from 
the. lateral walls of the zooecimn to the upper membranous wall, 
which is accordingly depressed by their contraction. 

Although it is hardly possible to doubt the accuracy of Farre’s 
observations, which have, moreover, been confirmed by Ifincks, it 
is by no means certain that this is the whole explanation in all 
cases. Oka, :< for instance, states that protrusion of the polypide. 
in Fhylactolaemata can be effected in a branch whose body-wall 
has been cut open. 1 Vigens 4 believes that the diaphragm (Fig. 

1 77# it. Tran*. 1837, ]». 39*1. 

1 Zeitsrhr. Wwi. Zwrf. xxi. 1871, p. 420. :i J. Coll . Jojmxh, iv. 1891, p. 113. . 

4 Znnl. Jnz. xii. 1889, p. 50H. This paper contains references to M. Jullien’s 

writings on the mechanism of protrusion. 
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234, d) acts as a pump, introducing water from the tentiicle- 
slieath into the body-cavity, into which it is said by him to open, 
and so forcing out the polypide. It is probable that many of 
the forms which have a still*, unyielding ectocyst possess special 
arrangements for* introducing water in some way into the space 
hounded by the ectocyst, 1 and so forcing out the polypide. Such, 
for instance, may be the median pore which occurs beneath the 
orilice in Mieroporella (Fig. 241, A, nip), and in certain other cases. 

Reproduction of Phylactolaemata. — Sexual reproduction 
takes place in Crist a td! a from dune to August. The sperma- 
tozoa are ordinarily produced on the funiculus. The ovaries 
usually occur on the inner side of the common wall of the 
colony, not far below the orilice of a polypide. Each ovary 
matures a single egg, which develops in situ, the free larva leav- 
ing tile colony by the orifice of one of the degenerated polypides. 

A second method of reproduction takes place by means of 
the statoblasts, which are developed on the funiculus (Fig. 241) ). 
According to Yerworn, 2 each stntoblast arises from a single cell 
of tin*, funiculus: and on this view, the statoblast is, as supposed 
by the earlier observers, a special kind of winter-egg. Accord- 
ing to more recent researches, 3 the funiculus consists of a 
central axis, formed from the ectoderm, and of an outer sheath 
of mesoderm-cells ; the statoblast is developed from the two kinds 
of cells of which the funiculus is composed, and is consequently 
comparable in its mode of origin to an ordinary bud. Its 
special peculiarities are : its origin as an internal bud, its posses- 
sion of a chitinous shell, and the fact that it is destined to 
leave the parent colony, and to develop, after a period of rest, 
into a new colony. (lermination takes place by the forma- 
tion of a polypide-bud inside the statoblast, which finally splits 
along its equator into two halves. The contents emerge as a 
young colony which possesses at least one fully-formed polypide. 

Remarkable structures known as “ hibernacula ” occur in the 
fresh-water Ctenostomes, Paludicella and Victorclla. These bodies 
are in the former (Fig. 250, II) specially modified external buds, 
which persist through the winter when the rest of the colony 
dies down. At the close of . winter the shell splits into two 

P Sue P. Cambridge Soc. vol. xi. Part 1, 1901.] 

8 Zeitschr. wise. Zool . xlvi. 1888, p. 124. 

9 Kraopolin, Abh. Vcr. Hamburg , xii. 1893, No. 2, p. 47 ; Braeni, Bill. Zool . 
(Bd. ii.) Heft 6, 1890, pp. 66 f. 
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halves, exactly as takes 
colony emerges. It is 



Flu. 250.-- I'ulutltrella ehren - 
btff/i van Jtenerien, x about 
3. A, Part of a colony with 
expanded poly pules ; B, re- 
niain.s of part of a colony 
which has produced hiher- 
nacula or winter-buds (h) ; 
z, zoofcium. (From Krae- 
pcliii.) 


place in the stutohlusts, and a young 
possible that the statoblasts may have 
been evolved from a hibernaculum, 
which was at first produced externally, 
hut has become modified in such a wav 
as to acquire an internal mode of origin. 1 

The simplest known statohlast is 
that of Fmierieel/a (Fig. 251, A), which 
differs from that of other Phylactolae- 
liiata in having no ring of air-cells. Til 
Ptamatrtla , the. statohlast (Fig. 251, 11) 
has a broad equatorial ring of air-cells, 
which enable it to float at the surface of 
the. water on the decay of the parent 
tubes. In some species, certain stato- 
1 dusts which are produced in the adherent 
parts of the colony remain attached to the 
substratum. These “ sessile statoblasts ” 
may have no trace of the ring of air- 
cells; but the fact that many sessile stato- 
hlasts have rudiments of this structure 
suggests that they are a secondary modi- 
fication of the floating statohlast. Tn 
Lophupus (Fig. 251, (J) the ring of air- , 
cells is very broad, and is pointed at each 
end; while in Cristatrtta ( Fig. 251,1)) 
and in Pev.tinatrlta the statohlast is 


circular, ami possesses an armature of hooked spines. That of 
Cristat.rH a measures about '75 mm. in its greatest length.- ■ * 
Kraepelin has suggested that the above order of increasing 
complexity of the statoblasts corresponds with the order in 
which the genera to which they respectively belong would be 
placed, on the assumption that the Phylactolaeimita have been 
derived from the Cteiiostoiuata. Thus, in Frrdrricrlla, the form 
of the lophnphore is circular, as in the Gymnolaematu. The 
number of the tentacles is comparatively small (20-24). The. 
arborescent form of the colony resembles that of many Cteno- , 
stomas, and the zooecia are more or less cut off from one another 1 
hv incomplete septa. 


1 Cf. Kraepelin, Abh. Ver. Hamburg, x. 1887, No. 9, pp. 154 f. 
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III Plumatella , the lophophoru lias become horse-shoe-shaped, 
and the tentacles are more numerous (38-60). In general form 
and in the arrangement of 
the septa this genus resem- 
bles Frcdericella, with which 
it may easily be confused. 

In Orinta fella we have 
the most highly modified 
of sill the riiylaetolaemata. 

The individuality of the 
zooecium is here subordi- 
nated to that of the colony 
as a whole. The branched 
sirrsingcment of the 1 , zooecia 
is greatly obscured. The 
body-cavities have become 
completely confluent, al- 
though rudiments of the 
septa still exist. The ecto- 
cyst has boon lost, with the 
exception of the basal layer 
of the colony. The tentacles are more numerous (80-90) ; and 
in accordance with the increase in the? elaboration of the genus, 
its statoblasts belong to the most complicated type known. 

The production of Jloatiwf statoblasts may seem a strange 
adaptation to the conditions of fresh-water life, since it might be 
assumed, a jrriori, that these structures would be specially liable 
to be frozen during the winter. The following experiments made 
by Braem 1 show, however, that the germinating power of the. 
statoblasts is improved by a certain amount of frost. A 
number of statoblasts were taken; half of these were placed in 
water, which was tluui frozen ; and these* were found to germinute 
readily when afterwards exposed to suitable conditions. The 
other half were not subjected to the uction of frost ; ami these 
:, dould not be made to germinate, even although the water had 
been cooled to a point slightly above the freezing point. It thus 
appears that the buoyancy, so far from being a risk, is a means of 
exposing the statoblast to the conditions which are most favour- 
able to its later development. 

1 T. tit. p. 88. 


Pus. 2f«1. — Stilt oblasts of Pliylnr'toliieinatii. A, 
Fmlcricclln. sultana Blum., 38 ; B, Pluma- 
tel/a repent L., x 38 ; C, Lophopus crystal - 
l in us Pall., x 28; D, Crislate/la muceifa 
Cuv. f x 28. (A. from Allmuii ; B-D, lroiu 

Kraepelin.) 
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llracm .supposes that the heneiicial action of frost is duo 
to a lowering of the vital energy of the statohlast. As in the 
case of reproductive bodies known in many other fresh-water 
organisms, tin 1 statohlast germinates only after a period of rest. 
Although this period is often shortened by a lowering of the 
temperature, it can also be induced by the exclusion of air, as in 
an experiment during which the statoblasts were enclosed in air- 
tight. tubes. The respiratory processes were thereby lessened, 
and iht 1 germinating power was materially improved. 

Since the development of the statoblasts depends largely 
on the temperature, the first warm weather in early spring will 
probably induce the germination of those which are lloating; 
and t he young colony, leaving the protection of the. statohlast, will 
become susceptible to frost. Jhit even if the first-formed colonies 
are killed oil* by a subsequent frost, other statoblasts which have 
remained in the mud during the winter are disentangled from 
time to time, and germinate on reaching the surface. 

Distribution. — The protective, value of the shell is also 
shown by the fact that the statohlast may be kept for some 
months in a dry condition without losing its power of germination. 
There can be little doubt that the capability of withstanding 
desiccation enables the species to enlarge its area of distribution. 
It is asserted that fresh-water Tolyzoa decrease in abundance in 
proportion to the distance from the mouth of the river in which 
they are found. The current will naturally tend to bring together 
the statoblasts from the Tolyzoa growing in the upper waters. 

Nothing is more surprising than the wide geographical dis- 
tribution of the Thylactolacmatu. Tins European genera are 
all recorded from North America. Fmtcrirrlla , Phnnatrtta , and 
/jo/i/hi jut* Hie further recorded from Australia; while Plumutclla 
is known to occur also in Malacca, the Philippine Islands, India, 
•Japan, Africa, and South America. It is even stated that some of 
the Australian sjnrirs are. identical with those found in Europe. 

Some of the fresh-water Tolyzoa are extremely variable, and 
observers are by no means agreed in deciding whether ' certain 
well-known forms are to be regarded as varieties or as species. 
While certain genera, such sis Cristate! I a and Liqriiojrus, are 
comparatively constant in their form, Plumutclla is excessively... 
variable. Pfinnafrt/a has a number of s]>ecies greater than that of 
any other form, and the genus has a wider distribution than any 
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other. This greater variation of species of the dominant genus is 
in complete accordance with the general law enunciated by Darwin 
that “ wide-ranging, much diffused, and common species vary most.” 

While, the ordinary forms of 1*1 inn f della consist of branching 
colonies, which are either completely adherent to their substratum, 
or grow in a more or less erect manner, another habit which is 
assumed by this genus is so different from the first that it has 
been considered to mark a distinct genus, Aleyonella. The Alcyo- 
uclloid form (Fig. 240, A) consists of closely packed tubes which 
stand more or less at right angles to their substratum, which they 
may cover with a dense mass an inch thick, and with a- superficial 
area of several square inches. .Hut in spite, of this difference, it is 
possible that A.funynm is only a variety of an ordinary 1*1 nnw- 
tvlla form. Whether this is so or not, a typical Pin nmf.rflu may 
in places take on an Aleyonelloid habit; and parts of an A/ryo- 
ne/fa may become so lax in growth as to resell i hie a 1*/ tuna fella. 

The, Hritish genera of fresh -water Folyzoa may be distin- 
guished from one another by means of the following table: — 


1 . 


2 . 


3. 


4 . 


Zooecia perfectly distinct from one another. Lophophnrc circular. 

Statoblasts absent . . . . .2 

Colony formed of branching tubes composed of continent, zooecia 3 
Colony gelatinous, not obviously formed of brandling tubes. 

bophophure horse- shoe shaped . . . .4 

( 'olony consisting of a stolon from which new zonccia originate. These 
may give rise, to new stolons, or directly to new zonccia l r irtnnlla 
brandies composed entirely of club-shaped zonccia, eadi of which may 
give off two zooccia near its upper end Palutlirdla (Fig. 250) 
Tubes hyaline or ojiaque, usually containing numerous oval stato- 
blasts (Fig. 251, b), most of which have a ring of air-cells. 
Lophophnrc horse-shoe shaped. 

(ft) Tubes divergent . . Plumatdla (Fig. 246, B; 

(/>• Tubes parallel with one another Alcyunelln form of 

Plnmatdln (Fig. 246, A) 
Tubes cylindrical, usually dark brown. Statoblasts (Fig. 251, A) few, 
without air-cells. Lopliophorc circular . . Fredericelhi 

Colony hyaline, usually divided into three or four short lobes. 

. Kctocyst thick. Statoblasts (Fig. 251, 0) pointed at each end, with 
a broad ring of air-cells . . . Lophopus (Fig. 248) 

Colony slug-shaped, crawling on a flattened sole. Ectoeyst rudi- 
mentary. Statoblasts (Fig. 251, D) circular, with marginal hooks. 

Cristatdla (Fig. 247) 

Colonics consisting of small rosettes, many of which are attached to 
a thick basal layer of hyaline ectocvst. Statoblasts circular, with 
marginal hooks. (Not recorded as British) . Ptctinatdla 
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Reproductive Processes of Polyzoa in general. 

In studying the reproductive processes of Polyzoa, we have 
to deal with two very distinct phenomena; firstly, with the 
development of eggs; and secondly, with the formation of buds. 

The process of budding usually does no more than increase 
the number of individuals in a colony which already exists, and 
is seldom responsible for the commencement of a new colony. 
In Liu-Mitt/Hti, however, the lmds break off and lead an independeht 
existence : and in the Phyhictohiemuta a large proportion of the 
colonies have their origin in the statoblists. In certain cases, 
again, new colonies may be formed by the detachment of parts of 
an old one, as by the fission of Crista tell a and Lopkopus, or by 
the breaking up of a richly-branched species into several colonies 
by the decay of the proximal parts. 

We may then in the majority of cases look to an embryo for 
the foundation of a new colony. The embryo develops into a larva, 
which, after a period in which it swims lively, settles down, and 
is metamorphosed into the first zooecium. This primary individual 
forms the starting-point of a colony, and often differs to a con- 
siderable extent from the other zooeeia which arise from it. 
In Cyclostomata, for instance, the proximal cud of the primary 
zooecium permanently retains the disc-like shape assumed by 
the young larva when it* first fixed itself. The primary zooecium 
may he recognised with equal ease in many Cheilostomuta, and 
may differ from its successors by possessing a richer development 
of marginal spines, or in other respects. 

Reproductive Organs. — Eggs and spermatozoa are commonly 
found in the same colony, either in different individuals, or else 
in tlie same zooecium (see Fig. 2S4, p. 469). In some casefi, 
the zooecium first develops si>erinatozoa, and later eggs. The 
Fntoprocta have a more marked separation of the sexes than 
obtains in other Polyzoa. The genus Loxowma- is perhaps always 
dioecious (/>. with separate sexes). Pedicellina is sometimes found 
witli ovaries ami testes in the same individual, sometimes with 
these organs in different individuals; and it is not clear whether ' 
a given species always behaves alike in these respects. 

The reproductive organs of the Entoprocta open by ducts jpf : 
their own into the vestibule. In the Ectoprocta they are 
developed in the body-cavity, and they have no ducts. 
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The fate of the ripe egg differs widely in different wises. In 
the Entoprocta it develops in a kind of brood-pouch formed from 
part of the vestibule. The fact that in JWicel/irirr (Fig. 243) the 
embryos grow largely during their development, shows that 
nutritive, material must Ixi supplied to them from the parent. 
There is raison to believe, that the epithelium of the brood-pouch 
is responsible for this process. The eggs are also known to 
develop at the expense of nutritive substances prepared by the 
parent in the ovieells of the Cyelostoinuta. In other cases, as in 
some species of Aln/oniilium , the egg is large, and its copious 
yolk doubtless supplies a large part of the material required for 
development. 

In the Ectoproctu, development takes place in a variety of 
places. In most Cheilostomutu a single egg pusses into the 
globular ovieell, which is formed above tin* orifice of many of 
the zooecia. In certain Ctenostomata, 1 Phylactoluematu,- and 
Cyclostomata/* the ripe egg is taken up by a rudimentary poly- 
pide-bud, which is specially formed for the purpose. In the 
Ctenostomata and in the fresh-water Polyzoa these buds, if 
present, are found in ordinary zooocia which do not liecome 
. modified externally in any special way. In the Cyelostomata. 
( Crista), on the. contrary, the formation of the. polypide-bud 
is intimately bound up with the. development of the ovieell. 
The number of the zooecia which produce eggs that are capable 
of development is greatly restricted in this group. The ovieell, 
which contains numerous embryos, is not merely a portion of 
a zooecium, as in the Cheilostomata ; but it is probably to be 
regarded as a modification of the entire fertile zooecium or 
zooecia. These take on an appearance widely differing from that 
of the ordinary zooecia, and in course of time give rise to the 
ovieells (see Fig. 237). 

A In all these eases the egg develops inside the parent, and it 
was hardly known, before the publication of the interesting 
researches of M. Prouho, 4 tliat some of the Polyzoa lay eggs 
which develop externally. In these cases a considerable number 
of eggs are produced simultaneously by a single zooecium. 

* - 1 Joliet, Arch . ZooL Exp. vi. 1877, p. 262. 

* 9 Kraepelin, Abh. Ver. Hamburg , xii. 1893, No. 2, p. 22. 

8 Hamior, Quart. J. Micr. Sci . xxxiv. 1893, p. 211. 

4 ArcJt. Zoof. Eap. 2 ser. x. 1892, p. 557. 
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M. Prouho further throws light on a much contested subject; 
namely, the nature of the so-called “ intertentacular organ ” 
(/, Fig. 234, }>. 4(19), described so long ago as 1837 by Farre, 1 
but looked for in vain by the majority of later observers. 

The failure to find this organ, even in species which possess 
it, in rrrtain i nrii ridnaln, according to Farres statements, is now 
satisfactorily explained by II. Prouho, who shows that while it 
is absent in a large number of polvpides, it is normally present 
in those individuals which possess an ovary, and in those only ; 
and that its primary function is that of an oviduct. 

The intertentacular organ is an unpaired ciliated tul>o, which 
is situated between the two tentacles which are nearest, to the 
ganglion. In the retracted condition of the polypide, it opens 
from tlie body-cavity into the tentacle-sheath ; and in the 
expanded condition, directly to the exterior. 

In the remarkable case of Alvi/miitlin m <hiph\i\ each zooecium 
normally possesses two sexual polvpides. The first of these 
produces a testis and then becomes a “brown body.” The 
second is meanwhile developed, and produces an ovary and an 
intertentacular organ, a structure which was not present in the 
male polypide. The eggs pass through the intertentacular organ 
into the tentacle-sheath, and attach themselves to the diaphragm 
(ft, Fig. 234), where they remain during their development. 

Although the inlertvntaculur organ has been found by Prouho 
in female polvpides only, it would perhaps Ik* going too far to 
assert that it is confined to polypides of that sex. Hincks 2 
has observed the passage of spermatozoa in enormouH numliers 
through the organ, although it. may be noted that there is no 
sufficient proof that eggs were not present as well in these 
zooecia. It further appears that in some cases waste matters 
may he removed from the body-cavity through the same passage. 

It may lie presumed that the egg is normally fertilised by a 
spermatozoon, although this is at present lurgely a matter of 
inference. It is lielieved by Joliet 3 that fertilisation is reciprocal, 
although Prouho has come to the opposite conclusion. * Joliet 
has, however, very justly pointed out that the enormous number 
of spermatozoa developed by a single individual would be dispro- 
portionately large, if their function were merely to fertilise the 

1 Phil. Trim*. 1S37, ]•■ 408. - Brit . Marine Polyzoa, Introduction, ]»]>. lxxxvi, xc.. 

8 Arch . Xool. Exp. vi. 1877, p. 201. 
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ovum in the same zooecium. According to Ills view, the eg# is 
fertilised by a sjiermatozoon after it has passed into the tentacle- 
sheath or ovicell, or some other place where it is in free com- 
munication with the outside water. 

Development and Affinities. — Few parts of the history of 
the Polyzoa are more fascinating than that which deals with 
their development ; and it is probable that no other is capable 


i<;. 252.— Diagrams of larvae. A, 
Lnxnxuma, x 208 ; a, amis ; /< v 
brain, with left eye :unl ciliated 
Hit; c, ciliated ring ;*iy#, cpi- 
stome. ; ///, mouth ; », oeso- 

phagus ; st, stomach ; .#■, a bond 
adhesive organ : B, <'yphn- 
mw (ex larva of Mrnihriinijiorti 
( Kit’d ra) pifnsti , >; about 00 ; 
//, in, o, xf as in A ; t\ anterior 
part, and c\ posterior part of 
the ciliated ring ; i», epidermis ; 
ms, adductor muscle of shells ; 
]>, pyqiform organ, of uiiknowii 
function ; sh, shell ; r, vesti- 
bule ; the 11 internal sac " or 
sucker, by which fixation is 
ell'ccLcd. is seen between •• and 
•ms, (B, after rroulm.) 


of giving so much insight into the affinities of the. several groups 
to one another and to other groups of the animal kingdom. 

The comparative study of the larvae of the Polyzoa may Ik. 1 
said to (kte from 1877, when J. Harrois published an elaborate 
Monograph 1 on this subject. Although some of Humus’ earlier 
opinions have been subsequently modified, this work still gives 
the best figures of the external form of the beautiful larvae of 
many genera. A detailed account of the larval forms of Polyzoa 
must be omitted from want of space ; and the general conclusions 
only can be given. 

1 IMwrches sur V Embryo! oyic drs Bryozoaircs, 4to Lille, 1877. 
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The larvae of the Entoprocta (Fig. 252, A) resemble the. 
so-called " Trochosphcre ” of Polychaeta (see j>. 274). Thfe 
common characters shared by the larvae of Chaetopoda, Echiuroid 
( Sophy reu, Mollusca, and Polyzoa, and by. adult Kotifera, may 
well jioint to the derivation of these groups from a common 
ancestor. On this assumption, it is possible that the Polyzoa 
have been derived from forms which existed long ages ago, which 
combined the common characters of these groups, and the structure 
of which we. can picture to ourselves only so far as the “ Trocho- 
sphere ” larva can be taken to represent it in a much simplified 
condition. Such a view harmonises well with the great antiquity 
of the Polyzoa. Certain Eetoproct forms have a larva, known as 
Cyphomntfc s (Fig. 252, 15), which closely resembles the larval form 
of the Entoprocta;- and it is a fiict which probably has consider- 
able significance that this type of larva is known to occur only 
in those species of Mniihru uipora (Elcvtra), Afcyntntliu/u, and 
Jfi/pophurcf/tt, which lay eggs. 1 This may perhaps lie regarded 
as a primitive* form of development which has been lost in 
species in which development takes place inside the parent. 
Cypkoiumt*'* rmuprrHsus (Fig. 252, 15), one of the commonest 
objects taken in the surface-net off our own coasts, is the larva 
of J/J»7 nhwt h ipora (Ehrtra) pifostt. Whilst this larva is provided 
with a well-developed alimentary canal, those of most other Ecto- 
procta possess a mere rudiment of this structure, and depend for 
their nutrition either on yolk present in the egg or on material 
supplied by the parent. In most cases the mature larva hus no 
recognisable trace of a digestives system; and, although it has f 
a free-swimming period, it does not become truly pelagic. 

The alimentary canal of the larva of PctlicrJlinu is known to 
persist in the primary individual of the colony. In all other 
known cases, even in that of Cyph minutes, the larva at fixation 
loses practically all its internal organs, and becomes a mere body- 1 
wall containing a mass of degenerated larval tissues. It is in fact 
a zooccium containing a "brown body.” A polypide-lmd is now 
develojHid, the body-cavity appears as the result of the shrinkage ■ 
of the “ brown body,” and the primary individual of the colony 
is thereby established. 

The larvae, of the Kctopructa form a tolerably complete series, 
starting from Cyp/imutvh's, itself allied to the larva of the/' 

■ ■ \i 

1 1’rouho, luc . cit. „ .* 
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Entoprocta, anil ending with the rhylactolaemata. Ahyoni- 
dium (Fig. 253, B) possesses a rudimentary alimentary canal, 1 
although the most conspicuous structures are those connected 
with the lixation and other phenomena of larval life. The 
larvae of many of the encrusting Clieilostoines (Fig. 253, A) 
resemble that of Alcyonidiu-m , while those of llvyuht , Scrupocel- 
Jaria, t* tc., belong to a type easily derivable from that of the 
encrusting forms. The branching Ctenostomes (. Bmcerbankia , 



Fin. 2f»3. — A, Amoral view 
of five larva of Lejtmtia 
fnlimu'tt EU. itiiil Sol. ; 
a, lou" villa of pyriform 
organ ; ff, aU>ral groove : 
B, longitudinal section 
of embryo of Afcytwi- 
ilium f x 135 ; r, ciliated 
ling ; //, aboral groove ; 
/u, moiitb ; a, nervous 
system ; /i, “ pyriform 
organ," of unknown 
function: 11 internal 

sac ” or ** slicker." by 
wbicb lixation is ef- 
fected ; at, stuma.:!i. 


. etc.) have a larva which may he regarded as derived, along 
slightly different lines, from that of Alcyonidium . The Cyclo- 
stomata and the rhylactolaemata have the most modified forms 
of larva. That of the former group may owe some of its 
peculiarities to the occurrence of a remarkable process of embry- 
onic fission, which takes place in the ovicell, and as the result of 
which each egg gives rise to a large number of larvae." The 
rhylactolaemata have a larva which is not unlike that of 
- Bowcrbankia . 

. We have seen that the larva at fixation becomes a zooecium. 


1 Arch. ZooL J£jy. 2 scr. v. 1887, p. 440. 

Quart. J. Mkr. ZcL xxxiv. 1893. d. 199 ; xxxix. part i. 1896, p. 71. 
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which in the (rymnolaemata forms a polypide-bud after fixation. 
The peculiarities of the Phylactolacmatous larva may be explained 
by assuming that it becomes a zooecium while it is still free- 
swimming. Thus the larva of Plvmatella develops one or some- 
times two poly pules, which actually reach maturity before fixation 
takes place. That of CrUtatclla develops from two to twenty 1 * 
polypides or polypide-buds at the corresponding period, and it is 
in fact a young colony while still free-swimming. 

Now in most colonial animals, such as (Joelenterates and 
Ascidiuns, the larva metamorphoses itself into a. temporarily 
solitary animal, which then gives rise to the remainder of the 
colony by budding. The majority of tin* ( J ynmolaemala behave 
in this way : while the Phylactolaemata may not only develop a 
multiplicity of polypides in their larval stage, but the individu- 
ality of the zooecia is then just as much obscured as in the adult 
state. These facts arc more easily explained if we assume that 
Crixfatrlfa is the end-point in a series than if we suppose it to 
he a starting-point. 

On the view maintained by many authorities, that the 
Polyzoa are related, through Ph or on ix, with the (lephyrea and 
the Hrachiopoda, we should expect to find in those Polyzoa 
which most closely resemble Phnronis in their adult state — that 
is to say in the? Phylactolaemata — some indications of afliuity to 
that animal in their development. This is emphatically not the 
case. The hypothesis that the Phylactolaemata are related to 
Mhoronix leads, moreover, to the. improbable conclusion that the 
similarities between the Kntoproct-larva and Cyphonavtex, on the 
one hand, and the Trochosphere larva of Polychaeta, on the 
other hand, is entirely superficial and meaningless. Tu spite, 
therefore, of the similarity between Phoronix and a single 
individual of the Phylactolaemata, and in spite of the marked 
resemblance 1 between its nephridiu and structures which have 
lieeii descrilied in Crixfatelfa' 1 and Per tin a fella , 3 the comparative 
study of the development appears to indicate that the resem- 
blances 1 >et ween Phoronix and the Phylactolaemata are the result 
of a coincidence rather than of any dose relationship. 

A few points connected with the metamorphosis of the 

1 .Tullien, Mim. Soc, Zwtf. France, iii. 1890, p. 381. 

tt Cori, Zeitschr. //■/**. Zoot . lv. 1893, p. 620. 

8 Oka, J. Caff. Japan, iv. 1891, p. 109 ; viii. 1895, p. 339. 
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Polyzoa deserve more special notice. There is generally great 
difficulty in persuading larvae to fix themselves when kept in a 
small quantity of water, which becomes over-heated in the air of 
a laboratory. The difficulty may lie surmounted by placing 
colonies containing embryos, together with some clean pieces of 
the seaweed on which the adults are habitually found, in a vessel 
closed by a piece of fine muslin, and by leaving the vessel 
attached to a buoy or in a deep tide-pool. The larvae l>eing 
without an alimentary canal, fix themselves, after a very short 
free life, on the seaweed. 

.It is probable that a great struggle for existence normally 
tak$s place at the commencement of the metamorphosis. Any 
ofie who will examine, in June or July, rocks covered by Fin-us on 
which FlustreUa hispid a is growing, will probably find numerous 
young fronds of Funis, from half an inch to an inch or two 
in length, growing under the shelter of the older fronds. The 
bivalve larvae of Ffustn'Ha show a marked preference for fixing 
011 these young fronds — perhaps in order that the duration of 
life of the colony may coincide with that of the Flints — and 
these young fronds are commonly covered by very numerous 
1 recently-fixed larvae, and by young colonies of various ages. Or, 
it is easy to observe, by placing pregnant colonies of JJntmhfniiift 
in a vessel of water, that the larvae, which are hatched out in 
thousands, fix themselves in dense masses on certain parts of the. 
wall of the vessel. It is clear that but a small proportion of 
these larvae will find room for further development. 4 

Next with regard to the mode of fixation. Attachment 
ulways takes place by the surface on which the mouth or its 
rudiment is situated, and the permanent alimentary canal opens 
on the opposite surface. In Fr.dirrflina, the one case in which 
the larval digestive organs are known to become those of the first 
adult individual, this presupposes a rotation of the alimentary 
canal, in order to bring it into its new position. 

It is well known that the larvae of other fixed animals may 
.undergo a somewhat similar change. Thus those of Ascidians 
. and of Barnacles fix themselves by their anterior end, and ulti- 
mately reach their adult form by performing a kind of a somer- 
sault. The process may perhaps be explained by supposing that 
some part of the anterior end or of the oral surface is specially 
sensitive, and that the larva fixes itself by that portiou of its 
./ VOL. II 2 L 
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body which is host fitted for ascertaining which is the proper 
substance 011 which to fix. 

Budding. — The formation of a new individual may take 
place by the outgrowth of part of the body- wall, us ill l*nf icelli tut 
(Fig. 2-4:5, p. 487) and in Jimncrhankia (Fig. 238, p. 480). 
In J*nf irr/li iitt a young stalk is formed by an outgrowth near 
one of the growing i>oints, and the upper jwirt of this outgrowth 
becomes constricted off to form the calyx. I 11 other cases (cf. 
the growing ends of the branches in Fig. 2:5 7) a partition 
grows across the body-cavity at the growing edge of the colony, 
and so cuts off a part destined to become, a new zooecium. 

The zooecium formed in one of these ways acquires an 
alimentary canal by the formation of a- polypide-luid, some 
stages in the growth of which are shown in Fig. 235 (p. 472). 
Contrary to what happens in ( ‘oelei iterates and Tunicales, in 
which the endoderm lakes part in the budding, there, is good 
reason for believing that in I’olyzoa the polypide-bud is developed 
entirely from ectoderm and mesoderm. 1 The. bud is a two- 
layered vesicle, attached to the inner side of the body-wall. Its 
inner layer is derived from the ectoderm, which at first projects 
into the body-cavity in the form of a solid knob surrounded by 
mesoderm-cells. A cavity appears in the inner, ectodermic mass, 
sind the upper part of the. vesicle so developed Timmies exces- 
sively thin, forming the tentacle-sheath, which is always de- 
veloped iii the (.'olid it ion of retraction. The lower part becomes 
• thicker; its inner layer gives rise to the lining of the alimentary 
canal, to the nervous system, and to the outer epithelium of the 
tentacles, which grow out into the tentacle-sheath (cf. Fig. 235). 
The outer layer gives rise to the niesoderinic structures, such 
as the muscles, connective tissue 1 ., and generative organs. 

These processes are fundamentally similar, whether in the 
metamorphosed larva, in a young zooecium, in an old zooecium 
after the formation of a “ brown body,” or in the germinating 
statoblast of the Fbylactolaemata. 

1 Cf. Seeligcr, Zcitxchr. u-Lss. Zuol . xlix. 1890, p. 168 ; and 1. 1890, p. 560. 
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CLASS I KK ■ ATION GEOGRAPHICAL DISTRIBUTION PALAEONTOLOGY 

—■METHODS FOR T1IK EXAMINATION OF SPECIFIC CHAR- 
ACTERS TERMINOLOGY KEY FOR THE DETERMINATION OF 

THE GENERA OF IHHTISIi MARINE POLYZOA 

Our account of the ] v olyxua would bo manifestly incomplete 
without Home reference to the systematic arrangement of these 
animals. An outline of the principal groups luis been given on 
p. 47 d. So far, the classification is easy, hut it is otherwise when 
we attempt to subdivide most of the groups any further. 

Systems of classification which depend exclusively upon the 
external characters of animals have been repeatedly shown to be 
unsatisfactory. Now with regard to the Polyzoa, not only is it 
the ease that the great majority of forms are only known in their 
external characteristic's, hut current systems of classification 
cannot be regarded as filial, because it is not yet certain which of 
the external features have most systematic value. Two obvious 
points can he at once selected — namely, the character of the 
zooccium and the character of the entire colony. One or two 
instances will serve to show what different results are obtained 
by depending exclusively on either of these characters by itself. 

' According to the older writers, the habit of the colony was 
taken as the most important generic character ; and there can 
indeed be no doubt that this feature has great importance within 
certain limits. Any one who lias examined different species of 
such genera as M vstra, Cellaria, lingula, Reteporu, etc., must feel 
that the form of the colony goes for a good deal. But a con- 
sideration of other cases shows that there is great risk in the 
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indiscriminate use of this method of arranging the Polygon. Tlie old 
genus Eschara , composed of forms with an erect, coral-like habit , 1 * 
included species which are now placed in such different genera as 
Lepra lift, Pmr.lla , Microptrrclln, etc. The older works on Polyzoa 
include all encrusting forms of Cheilostomatu, with a completely 
calcareous front wall, in the genus Lcyralia , the members of which 
are now distributed in numerous widely separated genera. 

As an instance of the converse arrangement — essential simi- 
larity of the zooccia witli great differences of the general habit- — 
may be mentioned the common ALcmln'anipora (JStrvtm) pilosur 
Ordinarily growing in the form of close encrustations on seaweeds, 
this species may take on entirely different habits of growth. The 
zooecia are now dissociated, growing in single lines over the sub- 
stratum ; now forming erect tufts, composed of single, lines of 
zooecia or of several rows. The erect, branching habit appears 
to be induced in the first instance by the character of the sea- 
weed oil which the colony begins life. Tims colonies which 
encrust the thin branches of Cora ll in a may have impressed on 
them something of the mode of growth of the seaweed, so that 
when they extend beyond the tips of the branches of the 
Coral! ina, they continue to grow in delicate branches, which 
still retain more or less the same diameter as those which 
form their base. A11 extreme variation results in the beautiful 
form known as E/rrfra rertiril/a/a , in which the zooecia are arranged 
with great regularity in whorls, which together form erect 
branches . 3 But with all these variations, the zooecia arc so much 
alike that it is hardly possible to regard the extreme forms 
as more than varieties of a single species. A careful examina- 
tion of this case would convince most observers that the char- 
acters of the zooeeimn are a more trustworthy guide to classifica- 
tion than those of the entire colony, a result which was first 
clearly stated hv Smitt, and amply confirmed by Hincks . 4 

The avicularia of the Cheilostomata afford useful help in 
classifying this group: hut while certain genera are always pro- 
vided with avicularia, others include some species with these 
organs, and other species without them. Again, while the specie;*. 

1 Of. Milne- lid wards (IT.), Ann. Sri. Nat. 2 snr. vi. 1830, pp. 5, 321. 

■ ,J Suis Norman, Ann. Sat. Hiatt, aer. 0, xiii. 1894, p. 114. 

3 See I folds worth, P. Zool. Soc. pt. xxvi. 1898, p. 306. t ■ / 

4 Jirif. Mar. Pohjzoa, Introduction, p. cxxii- . \ :Vfm 
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of some genera (c.g. CeUrporn) possess a great variety of forms 
of .avicularia, the same pattern of aviculuriUm may characterise 
several widely different genera. Further, the j^sition of the avi- 
eulariiim mhy be very different in species which arc apparently 
closely related. 'Well-developed vibracula, although constant in 
their occurrence in such forms 21 s Scrttporelhtrin. (Fig. 254) and 
Ciihcrca (Fig. 242), occur lime and there in species of encrusting 
forniH which are ordinarily placed in very different families. 

Now although some of these discrepancies are perhaps due to 
emirs in classification, whereby species which are really allied have 



Fio. 254. — A, Front view, ami 
B, back view of part of 
a brunch of Xcrupotrfhtria 
xcithra , Van Urn., Durham 
Coast, x 43 ; rV, lateral 
aviciilariuin ; a', smaller 
median aviciilariiini ; op, 
membranous aperture ; /, 
fornix ; r, rootlet ; #, seta 
of vibraculiiiu ; c.z, vibra- 
" eular zooeciuni. 


been wrongly placed in distinct genera, this explanation would not 
prove satisfactory in all cases. Thus in Buyvla , a genus which is 
specially characterised by the high development of its avicularia, 
these organs are normally absent in B. neritina. The fact that 
this species was rightly placed in the. genus has been confirmed 
by the discovery made by Waters 1 that avicularia occur in speci- 
mens which are believed to be identical with that species. 

1. The Cydostomata appear to fall naturally into two main 
groups, (A) the Akticulata, including the Crisiidae (Fig. 237), 
./distinguished by their erect branches, divided at intervals by 
chitinous joints ; and (B) the In akticulata, which include the 
^.remaining families, whether erect or encrusting, agreeing in the 
‘/negative character of being unjoin tecL 

, 1 Ann. Nat, Hint, ser. 5, xx. 1887, p. 01." 
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2. Tim Cheilostomata consist of (A) the Crllulaiuna, including 
the flexible, erect forms, such as Huynh i (Fig. 233) and Scrupo- 
cdlaria (Fig. 254); (B) tin; Fliththina, to which belong Flmtra 
(Fig. 232), Memhrnnipora (Fig. 25G, A, B), Micropora (Fig. 
25 (j, C), and other forms in which the front wall of the zooecium 
is either membranous, or depressed and marked off by a ridge- 
like margin; (t 1 ) the Kkciiahina, including the great majority of 
forms, in which no part of the front wall remains membranous, 
the wall of the zooecium being wholly calcified. 

3. The (.-tenostomata comprise. (A) the Amtonellea or en- 
crusting forms; and (B) the Vksutlauina or branching forms. 
The zooecia in the latter subdivision (Fig. 238) are given olH’rom 
a tubular stem or stolon, which is usually erect and branching. 

We thus have the following arrangement, of recent forms. 
The genera mentioned are for the most part those which have 
already been alluded to in the preceding account : — 

Suli-rliiss I. HnTOPROCTA. 

Losomma, Ptulicdlinu , f 'ruateUu. 

Sub-class II. Ectopkocta. 

Older I. < iymimlui'iimtn. 

Sub-onler 1. (Vclnstonmlii. 

A. Ai'f-iculiitiL Crista. 

U. Limrticiihitn. J [urn era, Ttfinnnea, Tuhvlipuru, Ktomato- 
pora, Piastnpura, Enlalnjthnra, Lichrutypura. 

Sub-oider ± Clieiluslniiiafu. 

A CVllularina. Aden, Eurratcu ,* CatraMla, Cell ularia, 
Gem diaria, Mcniyea, Srmpnrellarm , Caberea, Notamia 
( — Epidomia), Bicdlaria, Jhujala, Urania. 

15. Flustrina. Cdlurit t, FI antra, Membra nip ora, Electra , 

La u ulitrs, Membranipordla , Cribrilina , Mkropora, 
tfdenaria. 

CL Em'liuriuu. lletepora , Mkropordla , Ltpralia , Pordla , 
Hmittia, Marrondla , tirhizujiordla, Sckizotheca, Masti - 
tfophora , Purina, Cellrpora. 

Sub-order 3. C-tonostomata. 

A. Ak-yonellcu. AlcymMinin, Flustrdlu. 

15. Vesiculi irina Vedcularia, Anmthia , JlnwerbanJcia, 
Farrdla, Ihjpvphordla , Triticdla, Mimosdla, Victor - 
rlla, Paludkdla. 

Order 2. Pliylactolacinata. 

Fredrrkdla, Plnmatdla (including Alnjonclla), Luphopw, Crista - 
tdla, PcctinatcUa. 

1 Aden, Eucratra, and certain other forms were separated off by Mr. Busk ofl a 
distinct division, tli6 Stolouutu. 
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Even this classification, which deals only with the larger 
groups, must not In; made; use of without a word of warning. 
The division of the ( lirilostomata is a matter of great ditliculty : 
and no scheme which lias yet been suggested can he. regarded as 
more than tentative. The great number of forms included in 
this group makes its subdivision extremely desirable from the 
point of view of convenience ; but a further knowledge of the 
anatom}* and of the development of many of the forms of doubtful 
systematic position is probably necessary before; any scheme which 
is likely to be permanent is put forward. Those who desire to 
make a further study of the classification of the 1’ulyznii should 
refer to the works of Hincks, 1 Husk* Mac(Jillivray, s and Gregory. 4 

The Polygon do not appear to lend any valuable assistance to- 
wards settling the disputed problems of Geographical Distribution. 
They are not in any case terrestrial, while tin; fresh-water species 
do not always respect, the limits between the great zoogeographical 
regions. It. has already been pointed out (p. 504) that ]*/ntwtfr/la 9 
IWtf.prircf/(t,iiud Luphojmx are believed to occur in Australia, and 
the lirst-nnmed genus is practically world- wide in its distribution. 

Many marine forms also have a. surprisingly wide distribu- 
tion. Tlius among the. Ifritish species which am described by 
Mr. Hincks as occurring from Norway to New' Zealand arc 
Mnnhnniiftortt pi/twt, Srrtt jnirrlhfrifi wrujHMi, ( V/lftria jistn.lomi, 
Mir/rojiorclln. rUiitht , and AT. mnhmii. Even if it should be 
proved that specific differences do exist between the southern 
forms and our own, there can be no doubt of the wide distribu- 
tion of certain species. It was pointed out by D'Orbigny that 
Binjithi nerithni has the habit of attaching itself to the bottoms 
of ships, a fact which may possibly account for the wide distri- 
bution of this species: although it would not be safe to assume 
this explanation of the facts in all cases. Other Polygon, on the 
contrary, liavt 1 a mom restricted range-. Tims Cataiicclla is 
specially characteristic of the Australian region. 

It is perhaps surprising that marine Polygon should in so 
many cases have so wide a range. Even though it is the rule 

1 Most of the writings of this author are referred to 011 pp. 277, 278 of Miss 
Jelly's Synonymic Catalogue, referred to on p. .528. 

* Catalogue of Marine Polyzoa in ihv Collection of the British Museum t parts i.-iii. 
1852-1875 ; and Challenger Jlepurfs, Parts 30 (1884) and 50 (1886). 

3 Trans. and Prim. II. Soe . Victoria , xxiii. 1887, p. 187, and TV. It. Soc . Victoria , 
iv. 1895, p. 1. 4 Tr. Zool. Sue. xiii. 1895, p. 223. 
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for Polygon to hove free larvae, the period during which these 
larvae are free-swimming is, so far as is known, a short one ij 
most (rases. Cyph minutes is a common pelagic form (see 
T>10), and probably remains for a considerable period in thi§£ 
larval condition. Other I’olygnou-lurvue appear to fix themselves 
very soon after their birth ; and this would not appear to give ■ 
much time for them to be carried to great distances by oce^it* 
currents. It may, however, be suggested that it does not follow, 
that because we know that a larva may, under favourable cori^,* 
ditions iix itself a few minutes after it becomes free, we should^ 
be justified in assuming that that larva would not retuin for a 
long period the power of undergoing a normal metamorphosis 
should it be drifted away from suitable fixing-grounds. 

Palaeontology . 1 — The number of fossil Polygon is enormous. 
IVOrbigny devoted two hundred plates and more than a thousand 
octavo pages* to a Monograph on the Cretaceous Polygon of 
France. Many of tin* fossil forms are extraordinarily well pre- 
served, and there is often no difficulty in recognising the identity 
between certain fossil species belonging to the more recent forma- 
tions and living forms. It thus becomes necessary to consult 
Palaeontological memoirs in working at recent Polygon. 

While the great majority of fossil Polygon do not differ fn 
any essential particular from recent species, this is not altogether 
the case witli the Palaeozoic forms, leaving out of account the 
Stromatoporoids, which have been variously referred to the 
Sponges, Hydrozoa, and Foraminifera, as well as to the Polygon, 
the Palaeozoic strata contain large numbers of peculiar Oyclo- i 
stomata, together with members of the Trepostomata, a fourtlif 
Sub-order of ( iyinnolaeinata, allied to the Cyclostomata.. 
Trepostomata an? for the most part Palaeozoic, but a few survive&S 
as late as the Jurassic period. 3 These, with the other Polyzo«|j! 
from the same formations, are considered by Dr. Gregory in hiK 
recently published Catalogue of the Fossil Bryozoa in the British * 
Museum ( 1896 ). 

The number of Polyzoa recorded from the earlier secondary 
strata is small. The majority of the known Jurassic forms. 

1 Zittcl, Text Book of Palaeontology (Eiitf. Trans.), 1900, p. 267 (Bryozoa, by' 
K. O. Ulrich). V 

* PaUnntolagic Fi'an^aisc. Terrains Oritacts, tome v., Bryozoaires, 8vo. Paris, ^ 
1850- 1861 . This groat work refers, however, to recent as well as to fossil speoies. ■ ■ ' 

9 Ifcteropora , of which recent species^ exist, is placed by Dr. Gregory .in the V- 
Trepostomata. ■ ■ .V.' 
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belong to the Cyclostomata ; and one or two Cheilostornes are 
^recorded from the same period. Recent papers by Wolford 1 
Jurassic Polyzoa contain the description of genera which 
believed to ho intermediate, between the ( Jyclostumata and 
tieilostomata, particularly with regard to the characters of 
jjEeir ovicells. Altliough it is not impossible there may be a 
Diinection between the ovicells of these two groups, it has yet to 
proved that the two sets of structures an 1 - homologous. 

The Cretaceous period marks the commencement of a large 
number of Cheilostome genera, although the Cyclostomes still 
remain numerous. 

In the Tertiary formations the, Cyclostomes gradually heemno 
less numerous, and although in earlier geological periods they 
far outnumbered the Cheilostornes, these, relations are now 
reversed. Certain Tertiary strata, and particularly the Coralline 
\ Crag (Pliocene), are remar kuhle for the extremely laige numl>er 
''of Polyzoa they contain. It will be. noticed that no mention 
has been made of the Entoproeta, the Ctenostomuta, and the 

■ Phylactolaeniata. Their absence in t he fossil condition ,J need not, 
however, be a matter for surprise, as none of these forms are so 
well suited for being fossilised as are the calcareous Cyclostomata 
and Cheilostornata. There is consequently no adequate reason 
for assuming that the absence, of a ]»alat*onlological record implies 
that these groups have been recently evolved. 

Determination of Genera of Marine Polyzoa, — The. species 
to which a Polyzoon belongs can only be determined, in most causes, 
with the assistance of the low powers of a microseojH 1 . There are 
very great advantages in the use of a binocular instrument, by 

■ means of which a microscopic preparation appears with its parts 
. standing up in proper relief. 

-■* In the case of the calcareous forms, the external characters 
liiay l>e more readily made out in a dry preparation than in any 
other way. For this purpose, the colony should be washed with 
fresh water, in order to remove the salts, which otherwise crystal- 
lise out on drying and obscure the surface. Preparations of this 
•kind must be looked at with the aid of reflected light. Canada- 
bftlsam or glycerine preparations are also valuable, whether 
1 Quart. J. Gail. Soc. 1. 1894, pp. 72, 79. 

a See, however, Vine, Ann. Nat. Jfist. ser. f». xiv. 1884, pp. 87, 88, and P. 
Yorkah. Gml. Sue. xii. 1891, p. 74, for possible Palaeozoic Ctenostomes (Aacotlichjon, 
Jfhopalonaria, and VineUa). 
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stained or unstained ; suid uiv. essential for the examination of 
the softer forma In the ease of erect species, both surfaces of 
the branch should lie looked at. The opercula, avicularia, and 
rosette-plates afford important systematic characters in the case 
of the Cheilostomata. 

It must not be forgotten to take account of the condition of 
the zooeeia at different ages. Tin 1 , old zooeeia often become 
entirely altered in form, l»y the deposition of additional calcareous 
matter, or by the loss of certain parts present in the younger 
zooeeia. Thus the. margined spines may be entirely lost in the 



Fig. 255. — Illustrating tin* nature of a secondary orifice (Clieilostomnta). A, Mucro- 
nella ever inert. Abildg., Scilly Is., x 40. The ovicell (c/) overhangs the primary 
orifice, which is concealed l>y the great development of the peristome, pro- 
duced into the lriucrn (mu) ; (, the three teeth (denticles) within the secondary 
orifice; //, aviciiluriuni. B, Porellti comp ream r Howl)., Norway, x 40; ji.o. primary 
orifice, above which is a concave lamina, the beginning of the ovicell. In the lower 
Koocciiim the ovicell (o) is further grown. The primary orifice is still visible, but 
it is partially concealed by the growth of the peristome, which encloses a minute 
avicuhmiiin ; w, mandible of uvicularium. C, Older purt of the same colony ; pr 9 
j Bristol nc ; s.o, secondary orifice ; o\ adult ovicell ; 2 >, pores. 


older individuals, while in those forms which develop a “ peri- 
stomc ” (see Fig. 255 and p. 524), the characters of the orifice 
can often be determined in the young zooeeia only. It is 
thus essential to examine the growing ends of the branches or 
the rim of the colony, as the case may be. 

In order to make preparations with the tentacles expanded, 
hvdrochlorate of cocaine, chloral hydrate or spirit should be 
added gradually to the water. When the animals are completely 
anaesthetised they may be killed by means of a 7-10 p.c. solution 
of sulphate of copper (best made in distilled water or in rain 
water). This method gives admirable results in the case of both 
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fresh-water and marine Polyzoa. The use of formaline (see p. 
229) may Ikj strongly recommended for the Vesieularina. 

The only recent work dealing with all the marine British 
forms is Mr. llincks’ invaluable HisUmj of the British- Marine. 
Polyzoa} As the use of this book, unaided by any artificial 
help, is by no means easy to the beginner, the. following key has 
been compiled as an index to the genera. The. Entoproct forms, 
Loxosovia. and Pedieettina (see pp. 4HN-49 1). are not included in 
the table. 

In order to facilitate the use of the table, here, given in cou- 

Fhi. 256. — Illustrating 
tin* terminology of 
the front surface of 
the zooccium (Chcilo- 
stomata). A, Man- 
hmnifmre ( El Mr a) 
/•ilnsa I Cromer, x 
47 ; r//i,the membran- 
ous 11 aperture : " /#, 
orifice. B, M r nth rani - 
/mu',/ /fan i nt/ii Husk, 
Plymouth, y 60 : v// % 
the aperture, enc.loseil 
ill a calcareous 
‘■ami” 'if';; or, uvicu- 
liiriuni ; .v, marginal 
spines. C. Micra/tnrtr. 
curiacen Ksper, Ply- 
inoiith, x 4>‘t ; tfj area- 
(calcareous) ; u, oper- 
culum ; of, oviuell. 



junction with Mr. mucks’ work, the nomenclature then 1 , adopted 
has lieen followed throughout, llefereiices to other descriptions 
of the species may Ik 1 , obtained by consulting Miss Jelly’s admir- 
able Hynonywie. ( Uitidotjve of the Jieee/d Marine Jlryozoa ? 

Terminology. — A few technical terms must of necessity be. 
employed. The colony is adherent when its zooccia art 1 , attached 
to the object on which the colony is growing. The zuoerium is 
the body-wall of a single individual ; and, except in transparent 
species, is the only part which can lie seen from the outside in 
the retracted condition of the polypide or tentacles with the 
alimentary canal. The outermost layer of the zooccium is known 
as the ectoeyst. ; it may be simply membranous, or calcified, or 
may be rendered opaque by foreign bodies; its surfuce in 

1 Two voIr. 8vo. London (Van Voorst), 1880. 

2 8 vo. London (Dnlaii), 1889. 



524 


POLVZOA 


* iPR 

CHAP# 


calcareous forms is often marked by pores (Fig. 239, (■, p), which' 
are vacuities in tlm calcareous wall, closed externally by ni&n-s. 
hrune. A special median pore (Fig. 241, A, m.p) may occur, and 
is in some cases at least a complete perforation through the 
body-wall. 

The tentacles are protruded through the orifi.ee, which in 
CheiloKtomata is usually guarded by a movable chi ti nous' lid, or 
opcrntl tun (V ig. 256, A, o). Should the ectocyst be thickened or - 
raised into a ridge surrounding the orifice, a tubular passaged 
results, known as the secondary orifice (Fig. 255), at the iJ&jicr \ 
end of which is the true orifice. The peristome. (Fig. 255, 0, 

’in. 257.— A Orihrilhia an- 
nulata Fnlir., Norway, x 
33 ; <y tralcinvouH liaiw, 
concealing tli a meiribran- 
oiis aperture : B, Mem- 
bra h iifnrellu'irVjtida 
.1 oh list., x 

-15 ; //, fitlraf&y^^jhMii 
growing up 

* margin of this uperuire 1 ]; 
th, the siimi 1 , tether de- 
veloped ; r, Hie same, 
completely formed (us iu 
A) ; or, iivicuUrium : o, 
ini mature, and o', ma- 
ture, oviucll ; #, marginal 
spines. 


jtr) is the raised or thickened part which gives rise to the 
secondary orifice. Should the zooecium be outlined h f a raised 
ridge, the part so enclosed is known as the area (Fig. 25(5, (\ a ), 
if calcareous. The aperture or oprsia (Fig. 256, A, 11, up) is a 
membranous part of the. front surface; and may consist of the 
whole or part of the area. The orifice or the aperture is 
commonly provided with spines (Fig. 256, B, s). * 

The. avieuhtrium and the ri brae. alum are specially modified 
zooccia (see p. 482), which occur in a great variety of forms, in . 
certain Cheilostomata only. The operculum of the ordinary ■ 
zooecium is represented by the mandible (Fig. 239, B, nt) in the 
avicularium, and by the seta (Fig. 242, s) in the vibraculunh 
The representative of the zooecium itself is known as the avicu^ 
larian (Fig. 239, A, a.z) or vibracular zooecium (Fig. .24 3>, vji£: 
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A 11 or if ell is 11 - swelling in which the embryo develops, in certain 
Cydostonuita (Fig. 237) and Cheilostonuita (Fig. 241, A, 0 ). 
A stolon (Fig. 2:18, B, at) is a stem, not formed of fused zooecia, 
from which new individuals originate. An intrrnode , in a jointed 
colony, is the part lietween any two joints. The fornix or 
scutum (Fig. 2«7>4, A,/) is a modified spine which in some Cheilo- 
atouiata overhangs the aperture. A macro (Fig. 200 , A, wn) 
is a spike or protuberance develop'd just Mow the orifice. A sinus 
(Fig. 220, J>, -s) is a slight bay on the lower margin of the orifice. 

The orifice opens at the upper end of the zooecium, on its f ront 
surface. The /myth of the zooecium is the distance from the upper 
to the lower ends, and the iridth the distance between its sides. 


1 .- 


*«• 


3. 


>! 


Otic nr more of the following characters : orifice provided with tut 
operculum ; uvicuhiria or vibraculu present ; a globular ovicell 
above the oriticc of certain zooecia (Cheilostomata) 7 

Opercula, avicularia, vibraeula, and ovi cells completely absent, or 
inconspicuous. Calcareous or lion-calcareous. If calcareous, the 
orifice is not at tlie end of a free cylindrical portion II 

Calcareous ; z(x>ecia cylindrical, often united for the greater jwrt of 
their length, but usually ending in a free cylindrical portion, 
which bcai-s tins terminal orifice. The zooecia may be much 
obscured by calcifications surrounding their basal parts . 2 

Zooecia long, tubular, with a lateral membranous region at the upper 
end, given off quite separately from a creeping stolon Aettu 
Zooecia more or less united to one another, orifice without chitinons 
operculum (Cyclostomata 1 ) . 03 

Zooecia without marginal spines ; arising from a branching uxis, 
which is not formed of zooecia . . . .7,4 

Colony adherent ; or erect, fleshy and slightly branched ; or erect, 
encrusted with earthy matter and repeatedly branched . 72 

Characters not as above . . . .4 

Zooecia minute, boat-shaped, united by a delicate tube. Aperture 

huge, with marginal spines . liednia wirabilU 

Colony delicate, erect ; zooecia wider above than below 5 

Xo lyarginal spines . . . . . G 

Zooecia unisonal, with marginal spines. Branches arising from the 
top of a zooecium . . . . Brettia 

Zooecia uniscriul ; branches arising just below the large aperture. An 
ovicell may be developed above the orifice of a modified zooecium 

Eucrntm chrluta 

Zooecia somewhat pear-shaped ; orifice small, semicircular 

HuxUnjn fraijilix 


One or two genera of (Cheilostomata may be mistaken for Cyclostomata. 
'cafe of doubt, 7 cl acq. must be worked through. 


In 
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j Colony (*rect . . . " .8 

7. - Zooecia ill several layers forming confused masses . . 30 

( Colony entirely adherent, 1 the zooecia usually in a single layer 31 


Erect Cheilostomata. 


8 . 


Branches cylindrical, calcareous, divided l>y cliitinous joints. Orifices 
arranged all round the branch . Cellaria (Fig. 230, A) 

1 handies flexible, jointed or un jointed. Orifices not arranged all 
round the branch . . . .0 

[ Calcareous, unjointed, rigid . . -1 



Branches leaf-like, flattened .10 

Branches not leal-like . . . .11 

Avicularia resembling birds’ heads, movable . JUujula (Fig. 233) 
Avicnlaria not resembling birds’ heads, unstalked : or absent. Colony 
broadly leaf-shaped, composed of a single layer or of two layers 
of zooecia .... FJuxtra (Tig. 232) 


I I ( Zooecia in pairs, at the same level .12 

’ ( Zooecia not obviously puired . . . . .13 

' Branches numerous, straight. Zooecia back to back, with an oblique 
I } aperture. No avicularia . . . (iniirtUtria loricata 

Branches delicate, curved. A pair of stalked avicularia between each 
two pairs of zooecia Xotimriit ( - Kptxtumiu) hurmria 


13 . 


Avicularia nr vihractilu 


f conspicuous . 

I inconspicuous or absent 


1-1 

17 


14. 


Avicularia resembling birds’ heads, movable. Vibracula absent 15 
Avicularia large, unstalked. Vibracula present or absent . lf> 
Avicularia inconspicuous. Setae of the vibracula large, very con- 
spicuous, oil oblique vibraciilar zooecia, which almost cover the 
hacks of the branches . . . fWwme (Fig. 242) 


( Zooecia in two series, alternate, with one or several conspicuously 
| long marginal spines .... JHrrilaria 
15. -[ Zooecia in two or more scries. Aperture occupying most of llic front 
I of the zooecium. Colony often spiral. Avicularia usually large 
I lUujula (Fig. 233) 

I ' Zooecia long, narrow below, commonly in triplets, with two lateral 
avicularia to each triplet. Fornix present . Mmipm ternata 
Zooecia biserial, a considerable number forming an internode 
1 <>a separated by u joint (often inconspicuous) from the next intemode. 

Lateral avicularia usually large. Vibmcular zooecia on the back 
k or sides of the brandies . ScruptH'dlaria (Fig. 254) 

i Characters as in Scrvjiocellaria (No. 16), but with inconspicuous 
1 7. - avicularia. A branched fornix Scrupocelluriii rqttaffi 

| Vibracula absent . . . . .18 

jp | A single, short, marginal spine ; or none .19 

\ Marginal spines present . . . . .20 


1 Or tain varieties of adherent species occasionally assume an erect form. 
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C Characters as in No. 0 . Eucratca ckrluta, Husleya fray ilia 

I Zooecia biscrial. Aperture large, the semicircular orifice at its upper 
I end, where there is commonly a short spine Cellnhtria peach ii 
' ’ | Zooccia in one or two series. Branches originating from the backs 
I of the zooecia, and facing in tire opposite direction to the parent 

\ branch. Aperture small . . Scntparia- clan tin, 


20 . 


One or more conspicuously long marginal spines. Avieularia ]>rescnL 
or absent ...... HirtNaria 

Zooecia uniserial (see No. 5) .... Hirttia 

Zooccia biserial, in short intcrnodcs. An inconspicuous avieulurium 
below the aperture. Fornix present. . Mr.nipca jcffmjsii 




(Colony consisting of a network of narrow brandies, the zooccia 
opening only on one of their surfaces . . IMcjmra 

Colony huge, brittle, composed of contorted plates, uniting irregularly, 
usually comjioscd of two layers of zooccia. Orifice large, indented 
laterally ..... Jstpralia foliamt 
Brandies delicate, cylindrical . .22 

Brandies or lobes coarser, not necessarily cylindrical . 24 

Brandies composed of four rows of zooecia . . . 23 

Zooecia in more Ilian four regular, longitudinal rows. Peristome 
raised, and, with the. ovicell, forming a swelling on the surface of 
the branch . . Eschanriihs yninnnirialis 


23. 


Orifice circular. A row of port's round the margin of the zonccium. 
A median pore resembling a small orifice below the true orifice. 
Small lateral avieularia . . I Winn hurra! i* 

Orifice, surrounded by a peristome, produced into a miicro beneath 
the orifice. No pores . . . Palw in-Maria rlcyans 


( Zooecia arranged in regular series .... 2f> 

Zooecia irregularly heaped, their long axes often perpendicular to 
the surface, of the. colony. Mucm largely developed, concealing 
the form of the oriticc, and bearing an avicularium CcMcpura 


f Orifice with a sinus ; nr jicristouie interrupted or extended below 
I into a sinus-like outgrowth, which usually includes a small 
| avicularium . . . i<> 

L Neither median sinus nor interrupted or extended peristome . 2H 


2 «. 


( Orifice with a sinus . 
y Peristome interrupted or extended below 


Srh fctrjnrclla (Fig. 239, H' 


27 . 


1 -ranches of various forms. Surface of the older parts very even. 
Secondary orifice rather long, usually wider above, enclosing a 
small avicularium below, and appearing as a hole in the even 
surface of the branch . . PorrMa (Fig. 2f>f», B, C) 

• A prominent tooth projects into the orifice from its lower side. 
Zooecia with thin walls . Sniittia limit sborvni (Fig. 239, C) 
No tooth in the orifice, at the side of which is a small avicularium. 
Old zooecia with thick walls. Colony composed of a short stein . 
and flattened brunches . . Escharoides rosacea 
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I A t uotli projects from the lower side into the large, subcircular orifiqp, 
| on each side of which is a small oval aviculurium (colony erect or 
2 ’ | encrusting) . . . Murrovella pavonelfa 

I Xi» tooth : mucro sometimes present . . . .2D 

I * Brunches cylindrical. Ohl zooccia with thick walls. Orifice in 
young zooccia longer than broad ; beneath it a median pore, 
zii. ■ and in some eases a lateral aviculurium with vihraculoid mandible 

Dipomla verrucosa 

I A distinct mucro, which may bear an aviculurium above Palmicellaria- 


Encrusting Cheilostomata. 


30. ■ 


l-sually growing on a small univalve shell. Orifice longer than 
broad, indented laterally. Mucro present . . Ley ratio, edax 

One or two conspicuous processes, each bearing an aviciilariuni, near 
the orifice, which is often concealed. Avicularia in many eases 
found on other parts of the colony . Cdlepora 


( Zooccia distant ; nr in single rows 
1 Zuoeciu forming continuous expansions 


32 

36 


| An oval aperture, larger than the orifice 
' 1 No aperture 


33 

34 


j A tubular process below the aperture, in some cases : zooccia very 
33. ■[ narrow below . . . fluent tea rhclata , var. repens ' 

[ No tubular process below the aperture Membranipora 

34 f F^ristome much raised below, collar-like. PhylocteUa 

' ( Peristome not much raised below .36 

[ Zooecia minute, much narrowed below. Orifice small, usually with 
36. J a sinus Hippothua 

y Zooccia not narrowed below. Orifice with a sinus . Schkoporella 

j Zooecia partly separated by a thin calcareous crust. Colonies 

36. - small . .37 

[ Zooecia contiguous ... 38 

f Zooecia pear-shaped. Orifice witli a sinus . Hippothou tjcpanm 

37. - Zooecia ovoid. Orifice subcircular, with a tubular peristome 

[ . Latjenipom sodalis * 

P < )rifice close to the upper end of the zooecium (unless crowned by an 
ovicell). Front of the zooecium marked by transverse or 

radiating furrows or lines. The very young zooecium may 
possess a membranous area, which becomes roofed in by the ■ 
union of two lateral series of converging bars (Fig. 267) . 3D 

Characters not as above . . . .‘40 

. 

I ' Furrows with uniseriul rows of pores (often minute), which are rarely 
irregular . . Cribrilina (Fig. 267, A) 

an. No rows of pores. Distinct transverse lines or spaces and a 
I median longitudinal suture between the bars 
I Membranipordla (Fig. 267, B) . 
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f Zooecia arranged in regular series 
‘ \ Zooecia irregularly 1 heaped together (of. No. 30; 


. 41 

Gclltynmi 



Primary orifice conspicuous ; with a sinus, or with a peristome 
extended or interrupted hclow, and sometimes simulating a 
sinus . . . . . .42 

Neither sinus 2 nor interrupted peristome . .44 

Surfucc of the old zooecia much thickened, so that the secondary 
orifice does not project hevoiid the most prominent juris of the 
zooecium. Secondary orifice concealing the primary orifice, wider 
above, enclosing a small uviculuritim hclow 1'orcUa (Pig. 255, B, C) 


42 . 


Primary orifice with a sinus, but no tooth . . .43 

A prominent tooth projects into the orifice from its lower side. 
Peristome interrupted or with a sinus. Surface of the old zooecia 
not Hindi thickened .... *S Unit tia 



Orifice with a sinus and long spines. Peristome interrupted. Oviccll 
with a wedge-shaped or linear longitudinal fissure. Avicularia 
generally present, the aviculariaii zooecium conspicuous. Schhotheca 
Orifice semicircular. Vihracula present, near the orifice. 

Mitstiijufihnrn (Tig. 241, B) 
Orifice semicircular or subcircular. No vihracula; avicularia with 
vihraculoid mandibles may occur Sch ir:o/mrcUa (Eig. 23!), B) 


1 

'1 

•{ 


Zooecium with a median pore ; or completely tubular above . 45 

Zooecium with 110 median pore. Tin; orifice may he partially sur- 
rounded hv a collar-like development, of the peristome, but it is 
not completely tiihulur . . . .4!) 

Orifice not tubular. A median pore Mirropnrclla (Pig. 241, A) 

Orifice tiihulur . . 4f> 


f Zooecia narrow or small .47 

l Zooecia ovoid . 4« 

I Orifice markedly tubular. Median pore conspicuous Parma tubulom 
47. ■' Colony very small. Zooecia irregularly arranged, with no median 
( pore ...... (Jdlqiun'lla 


48. 


r Zooecia very convex, with a granular surface ; ovicclls set far hack. 

Orifice wider than long . . . Mucrundln ‘microstoma 

Young zooecia with stellate pores. A minute uvicularium, or merely 
a pore, on the upper and lower sides of tile orifice in some zooecia. 

Anarthrojmrn munntlun 


' f Front of zooecium with an elevated margin, enclosing an area . 50 

‘ | Area not present . .55 

r f Front wall wholly calcareous . . .51 

* \ Front wall wholly or partly membranous 54 


. 3 For Cellcporclla (colony minute : orifice tubular), sec 41 cl 
f Hhynchozowi (see No. 61), in which the primary orilico becomes much obscured 
the development of a largo mucro, is placed in this section. 

1 ;V0L. 11 2 m 
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Avicularian or vihracular zooecia replacing an ordinary zooeciuin, or 
at least situated between the zoned a . .52 

Avieularia and vibracula absent, or if present lint replacing a 
zooeciuin . . . . .53 


I ' Vihracula present, Colonies small. A p air of longitudinal slits 
within the area .... Sctowlla rulnerata 
52. ■ Very large avieularia present. Ovicell 'closed by a movable lid. 
Oriliee subcircular, with a minute lateral tooth oil caeli side. 

I Thuhnnopurrlln 1 (^trynnoponllu) xinittii 

f Orifice semieircular. quite at the upper end of the zooccium ; usually 
with a knob on each side . Micro porn mrincvn - ( Pig. 250, C) 

( A transverse cliitiimus plate lies immediately below the operculum. 
A vihruc.tiloid spine may occur il feynpora rinyens 


I ' Area entirely membranous, usually bordered by spines. 

Menihrnniporn (including Elect m :l ) (Fig. 256, A) 
«■*. - .Membranous portion reduced to a small portion, which may be 
I variously lohed, enclosing the orifice. 

Mnnhranipura (other species) (Fig. 25(1, B) 

j IVrisiome present. No muero .... 56 

55. ■[ Peristome absent ; or if present, with a muero . .57 

^(Sce also Mncmnclln jmmnrfln , No. 



Peristome collar-like, much raised below and at the sides of the 
orifice, deficient above. No avieularia . J'hylactella 

Orifice large, longer tli.in broad. Peristome not deficient above the 
orifice ...... Leprnlia 


l Wall of zooeciuin thin, shiny, and without pores 58 

( Not agreeing with the characters given under No. 58 . 59 


f A minute avicularium above the orifice, or when* an ovicell is present, 
1 situated at the summit of that structure. Zoned a not quite 

, I contiguous. Muero sometimes ]uvsciit. <%irfcn)mra Inongniavtii 

| No avieularia. Ovicells on rudimentary zooecia, lying in a plane 

I superficial to that of the rest of the colony. Zooecia long. 

I tfchizojiovclla hyalhui 


oil. 


( A more or less distinct muero or prominence beneath the orifice. 60 
| Muero rawly present. Oriliee nearly always longer than broad, or 

I nearly circular, usually large, ami slightly indented laterally. 

Leprdlia 


[ A tooth projects into the. orifice from its lower side 
' \ No tooth ' 


61 

62 


1 1 1 inrks, J. Linn . <Vuc. xxi. 1889, ]>. 123. 

- Mir/tyiura coiiijihinata , Nornnui, should be placed in the genus Lrpralia. See ' 
lliiicks, .Inn. Nut. Hist. , r » w*r. xix. 1887, ]i. 304. 

a See Norman, Ann. Nut . Hist. scr. 0, xiii. 1394, p. 113. 
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Colony glistening. Orifice much obscured liv the mucro and by 
stout spines developed from the peristome. Tooth (concealed in 
old zooecia) large, strongly curved to one side. 

61. lilnjiirhopni'u ( Illn/nrlm::onn *) bispinosa 
Tooth of the lVbwor margin of the orifice symmetrical, sometimes bifid. 

Avicularia may be present, laterally, but are not developed on the 
mucro .... MucroHelht -Fig. 255, A) 

"Orifice at least half the width of the zooeeium, bordered below by a 
well -developed prominence or “limbo.” Surface of the zooeeium 

62. ■ strongly areolated round the margin . . Umhonula a 

Orifice considerably less than ball' the width of the zooeeium. 

tirlti:.vpvirlhi (Fig. 2B 1 .), 11) 







Cyclostomata. 

Colony erect. Branches of 1 wo or one series of zooecia, divided at 
intervals by ehitinuiis joints. O vied Is pear-shapeil. 

I'risin ( Fig. 2117) 

( Yiloliv erect, 111! jointed ..... tit) 

Colony in the main adherent ; «r circular ; »#/* lobed 64 

Colony more i»r less circular, diseoidal or cup-shaped, sometimes 
forming secondary colonies by marginal bmlding . 65 

(Colonies not circular . . . . 6H 

Zooecia separated by calcified interspaces, which may contain large 
pores, often dilliciill to distinguish from the orifices . 66 

No large pores as above. Orifices not spiny. Zooeria neatly always 
contiguous, except where an uviecll is developed . . 67 

Colony composed of one or nmre convex discs, bearing radial ridges, 
each cumpuscd of many zooecia . . . Ihwutptn'ti 

Colony encircled by a thin calcareous lamina, which gives rise to new 
zooecia, its centre usually devoid of zooecia when adult, and often 
hearing the orilice(s) of the oviccll. Zooccial orilices often sjiinv. 

I.irhcunpuiii 

Zooecia with a long, tubular, five portion, in some cases curved in a 
horizontal plane. Colony fan-shaped until a late stage. 

Tu huh] ’pom jUthtUari* 

Tubular portion absent, or for the most pari curved in a vertical 
plane. Some of the orifices may be closed bv a calcareous plate. 
Colony circular «»r bluntly lobed . 1 tiasfnpora 


1 Hi licks, “Marine l’ulyzoa " (reprints from Ami. AW. Hist. 1880-iU), Index, 
p. v. note. (Replacing Ithi/n Aw/mm, preoccupied fora Bnichinpod. ) 

a A form of Ispralia pnfhtsiana , in which a mucro is developed, may be mistaken 
for Umhonula (see characters given for Lrpmlia under No. 59). 
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Zooccia iu 011 c nr few series, forming a linear or branched colony, 
which is closely adherent, but may give rise to. short erect 
portions, brandies narrow, but often broadening at their ends. 
Zuoeda usually with a free upper end . . Stomat&pm-a 

Colony broadly lobed, some of the zooeeia in transverse or oblique 
ridges composed of contiguous zooccia, arranged like a row of 
organ-pipes .... ldmonni serpens 

Colony broadly lobed, or fan-shaped ; zooeeia iu many series, which 
are not arranged like organ-pipes . . . Tubulipora 


(b) i branched. Orifices confined to one. surface of the colony . 
I Xut much branched . ... 


70 

71 


70 . 


r Zooeeia iu transverse rows, their upper ends united in the manner of 
a row of organ-pipes. O vice 11 (when present) an inflation of the 
front of the branch . . . Iihmmra aUuntica 

Zooeeia not. in regular transverse rows. Ovicell (when present) large, 
mostly on the back of the branch . . . • Hurnvra 


( branches cylindrical, their ends massive and raised into radial 
71.-. ridges, which carry the orifices . . JHmwpnra stelhita 

[ Ends of zooeeia tubular, arranged all round the brunch. Entalophora 


Ctenostomata. 


i Colony entirely adherent, or forming thick, soft, erect lobes . 73 

72. ■[ Colony erect, well -branched, dark and opaque, resembling seaweed. 
[ Zooeeia with a long tubular free portion . Anguindlti pahnata 


73. 


Orifice large, with two distinct lips. A variable number of stout, 
brown spines. Encrusting . . . Elnstrellu hispidti 

Orifice small, rounded, borne by a more or less distinct papilla. 
Encrusting or erect. Zooeeia crowded, rarely iu single lines. 

A Ictfonidium 

Orifice small, rounded. Zooeeia widely separateil, connected by 
narrow tubes ..... Aravhnidium 


{ Axis « if colony erect, usually branched ,75 

Axis creeping . . . . . .79 


f Zooeeia in elongated clusters, which occur at intervals . 7(5 

*' ' ( Zooeeia not grouped ; or in irregular groups ; dr in whorls 78 

[ Zooeeia regularly biserial . . . . %7 ■' 

7f>. J Zooeeia long, less regularly arranged. 1’olypidc, with a gizzard. 4 
( licncerbunkia (Fig. 2£8; 

I ( -lusters of zooccia very l-egular, occurring immediately belowr if -. 
bifurcation of the. axis. Zooccium with a broad base, not movable/' 
« ■ Amathia lendigerd ■■ 

I Zooeeia arranged like the pinnules of a leaf, with a constricted base,*' 
l and movable, on the branch . Mimas tilth gracilis >\ 
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Main stem ti gzag. Hranchlcls delicate, many ending in sharp points. 

Zooucia small, ovoid . . Vesicular ia spinnga 

Axis jointed. Zooecia small, in small clusters. Polypide without a 
gizzard .... rnltr.riu nra, vur. aisruta 
Zooecia in whorls, attached to the axis by thread-like stalks, much 
longer than themselves . . . ] [ippimirtu njertoiii 

1 Zooecia pear-shaped, produced at the lower end into a distinct stalk. 
Gizzard absent . . . . . .HO 

Zooecia not distinctly stalked, although sometimes constricted at the 
base* . . . . . . .81 


'Stalk long. Zoocciiun movable on its stalk, compressed, with a 
membranous area on one side. Twelve or more tentacles. 
Usually found on ('ruslaeea . . . 7 V ///■■« I hi 

Stalk variable. Zoorcium very transparent ; oriliee bilabiate. Ten 
to sixteen tentacles . . . Fumila rrpni * 

Zuoeeiuin very small, much elongated and narrow. Eight tentacles. 

I 'alt er ia trail nla 


(See also ArncJniidiinti , No. 7.' 5). 



82. ( 


83. 


Zooecia short, minute, with a lew short spines on each side of its 
broadened base. Upper end tubular HusUa nit mu 

Zooecia elongated . .82 

Zooecia transparent .81 

Zooecia brown, often quite opaque . . . .83 

Zooecia large (about ,' rt inch long), distant, constricted at the base, 
bearing scattered bristles. Usually found on Crabs or Ilydroids. ' 

A ran If a fimra 

Zooecia tall, cylindrical, not constricted at the base . t/iilindroccinm 


[ Zooecia minute. Axis dilating at. intervals into swellings, from 
I which new zooecia originate. These may give rise to new stolons, 

84. ■ or directly to new zooecia. No gizzard. Found in brackish or 

I fresh water .... I’icturiila jmcida 

\ Axis not diluted, as above . . . . .85 

f Zooecia small, in small groups. No gizzard . . VnUnria ava 

85. « Zooecia long, scattered or in groups. Gizzard present. 

[ Jlum rbanhia s creeping forms) 


' It is highly probable that tile (.-tenoslome genus ITypojihorrlJa 1 
wijl before long be added to the British Fauna. The animal 
consists of delieate stolons, which give oil* small zooecia at 
intervals; and it is known to excavate passages in the substance 
of the tubes of certain Polychaet worms (Chaetopirras and 
■ Lanice). 

. 1 See Arch . Zool. JS*p. 2 sor. vi. 1SS8, p. 130 (as Ikluyin), and ibid. x. 1892, 
p. 594. [Seo also J. Mar. Biol . Ass. v., 1897-09, ]». 51.] 


ADDENDUM TO CTIAETOftXATHA 


Since the Chapter oil tin 1 Ohaetognatha was printed the 
following list 1 of “The Known Chaetognaths of American 
Waters ” lias a])peared 

1. Saji if ta tiffin ns Verr. This species resembles 8. bijm nrtntn. {ride pp. 

191 and 193), Iml differs in size, in tin* relative pm] >urt ions of 
caudal and ImmIv segments, ami in the presence of diverticula froiii 
the intestine. 

2. tittijiffo jhirridn (Ion. This specie resembles S. hrstiph- rn (ride p. 193); 

it is, however, smaller (length, 1*3 PH cm.) and has more spines 
(anterior, 7-8, posterior, 10-1:2), and its tail segment is relatively 
smaller. 

3. Km/ittn tat n is Con. Length, 5-25 mm.; hooks, 7-8; anterior spines, 

l-o ; posterior spines, 7-10. 

4. Sn ;i if tn hispidn - ('on. Length, 7-11 mm.; hooks, 8-9; anterior spines, 

4-5; posterior spines, 8-15; tail segment one-third body length; 
intestine with two diverticula; sensory hairs very numerous. 

5. ,S 'iffiitta hr.rtfjdrnt ( ridr p. 193}. 

(». Kndinin huinntn (ridr p. I SI P. 

7. Sjutdrlhr. mtu’inia ( % >ii. Length, 5*2 •■in.; hooks, 0; anterior spines, 3-5; 

posterior spines, 5-7 ; epidermal thickenings round the neck. 

8. $fn(drthi dntro (ridr ]>. 194). 

9. fyadrlln srh hn/dmi - Con. An opaque, yellowish-brown species living 

among algae. Length, 4 mm.; hooks, 8; anterior spines, 4-9; 
posterior .-pines wanting. Caudal segment occupies one-half 1 lie 
boilv length. 

.Professor Vcrrill status that the name Kyrad/in (ridr. p. 101) 
was duo to a clerical error, tin* species really referred to being 
&> m v/rtjiuis. A. E. S. 

1 F. 8. Cumin t, Johns Jfophins Ifnir . Circ. vol. xv. 189t>, p. S3. 

,J /hid. vol. xiv. 1S9G, p. 77. 
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Acaxku.a , as host, 298 
Acti II flint Itlr/la, 395 

Aeaiithoeepliala. 123. 1*J1. 171 f. ; embry- 
ology, 179: classification. 181 
Acini(/iorti/i/li\ 7,1 

Ai-anth.Mliili.lae, 357, 302, 381, 383, AS/, 
Ant iif I uhI fil its, 350, 303, 300, 372, 382. 

SS/f ; ehaetae, 350 
A C" "thurjm", 20 

Accessory gut, of Polycluieta, 305 
A irms, lit 

Achncta. 445 
A r/ii if nf. 297 

Aeieiiluni. 217 : fossil, 302 
Acinosloniu , An 

Acocla, 42 ; oe.eum.nee ami haliits, 43 : 

reproduction, 47 : classification, 49 
Acotylea, Hi f., 17 , 18 
Acmrhy minis, /fit : occurrence, 41 
Aetinotrochu larva, 408 
AHinurus , 201, JJJ 
A ci/rl Hft, /// 

Adaptation, of Trematodes, 52. 02 ; of ! 

(Jest odes, 74 : of Nematodes, 101 i 

Adherent, 523 
.4 Si mi", 204, ///, 227 
Adventitious avi.-ularia, 482 
Acafnmmn, 319, 353, 354, 300, 370, 374 , ' 
.775 

Aetea, 5 IS, 525 

Agassiz, on Syllidae, 280 ! 

A laurina clo/inmlii, 4*3 
Albert ia, 204, 210, 213, >34, 227 
Alciiyir, 3. Vi 

Alciopids (Aleiopina), 3 14 ; head, 2C3 ; 
parapodium, 205 ; habit, 291 : light- 
organs, 294 

Alcio/nita parasitica, 298 
Alcyanellit , 494 , 505, A IS 
Alcyonellea, 518 

Alcyonidium , 477, 489, 492, 5/8, 532; 


I structure of zooc-iuiu, 469 ; ivprodiic- 
! tiou, 507, 598 ; larva, 510, 511 
Alimentary canal — see Pigcstivu System 
! At it fa, 317 

i AUantonmw , 131, /.To, 161, 101 
' Allman, on Poly/.oa, 471, 475 
. Alloeocoela. 43 : habits 40 ; reproduction, 
I 47 ; elassilie.-ition, 50 
. Alloiogencsis, 00 n. 

■ A/lohilsiji/iiirii, 351, 307. 309, 371. 3M», 
? 389 , » Hat f. ; eoe.Miiis, 365 

i Aflusfnmn pull id a m. At) 

! Al/ni'oii/rs, S7',t 

| AH" nis, 351. 300, 379, 389 ; cocoons, 365 
i A I mu, 352 f., 387 

! Alternation of generations, 00, H|. 281 
A nm thin, 481, A/S, 532 
Amiiioeharidae, /AS, ••‘/A 
A m mnf r if funic , 273 , SSI ; intestine, 271 
Ai/iplnnvfc , SSU 
Aniphardidae, /AS, SSU 
Amphibia, Trematodes of, 55, 02, 71, 72 ; 

Nematodes of, 103 
,1 111 ph ir/iiirfd , Si" 7 
Anip/iicticruM , /fit 
A 111 /ih in ira , 339 
Auiphinniiic, gill. 201 
Ainphicoriuiduf. /AS, SSlt 
. I mph iritis, SStl 
Ampliioteiiidae, /AS, SSU 
Amphiijli nii, 273, SSU 
A m ph i lc.pt ns, 235 
A mph Hi" a. It/ 

Amph inumc, eye of, 255 ; A, sum ruffS in" , 
colour, 293 

Aiiiphiu.iiuidac, '/AS, SIS ; shape, 259 ; 
caruncle, 200, 273 11 . : head, 202, 203 ; 
panipodiuni, 264 : cirri, 205 ; ehaetae, 
207, 267 ; in Upas, 297 
A in pit ij turns, 102, lit; British species, 110 
A mph ip/t/ches, 77 
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AmphiNtoniatidae, 7.1 
Auifihisfommn, 71, 73 : A. horn in is, 0!) 
Ampkitrite, 327, 32S ; gill, 329 
Auipalfaria, Tcmuoccphala with, ft! 3 
A nacfiurfa, 350, AVI, 395 
A iiiil, cirri, 259 ; l'iiiuu:l, 2 50, 3.12, 333 ; 

vesicles, 358, 436 
Amiugian worms, 253 
A mirth rnfini'ii, 529 
A iici/fustum mu, 1-13, 1(53 
Andrews, on Sifiunculus, 417, 42 1? 

A it ;f iostn hi ii in t 134 
Angler- -lisli, Trcmatodcs of, 62, 72 
A nij it H/ nf ii- acrfi, 125, \AJ t ; J. tritici, 
12. r » ; A. iliploi/asfer, lf»fi 

Aiiguillulidae, 137, 154 
Amjuinrtfa, f» 32 
A n im if rif vs, 3StS 
Annelida, 241 
A nurd is, JfA 
Aiiouymiduc, 10 

A iiim ;t m ns, lli, 18, 10, 20; penes, 27 
Auopin, 1(3) 

Ainififiiccp/mht, 01 ; characters, 00: .4. 
inn hi if tuna, 00 : A . jn’r/nfintii , lift-- Ii istory, 
83 : specific characters, 00 : .1. plicnta , 
specific characters, 00 
A unfit nil incus, 73 

A unfit infill m, 50; A. jHifusiticinii, occur- 
rence, 4 ft 
A n fnc ns, 388 
. I ntfitnii, as host, 342 
Antenna, of Rotifers, 2 In 
Aiithnhnthi'iinn, 70 n., 01 
Aiit/incnfif/c , 73 
Anti uni*, 203 
A nt if nifties , , as host, 298 
A a a ram , 225, 226 
Aiiuraeidac, 201, 205, 22,7, 226 
A’onn, an edible worm, 297 
Apel, oil Priapuloidcu, 433 
Aperture, of zoncciiiui, 468, 617, 623, 524 
Aphnueura, 353, 374 
Afi/iitiinsfninn, 40 
A phaiiostomutidoe, 4& 

A fi/icicnrfuis, 1.11, 1.75, 157 
Afthrmtite, 313 ; shape, 258; head. 260 ; 
peristomium, 2(53 ; chaetac, 2(53 ; felt- 
ing, 312; iutestiue, 271; genital cells, 
273 ; colour, 291: A. acufmta , 312; 
distribution, 299 ; A. echidna, 299 
Aphroditidac. 358, 300 ; frontal ridge, 260 ; 
parapodiiim, 264 ; elytra, 266, 309 ; 
chaetac, 266 

Apical plate, of Trocliosphcre, 245 
Apodina, J. 17 
Afsntnii/es, 335 

Afhiffnn, St'nfc.r fnilf/liincfihits ill, 77 
Apsilidae, 201, 203, 214, 220, 231 
A ft situs, 201, 212, 213, 214, 331 
AraheUitcs, 302 
A t uch n id him , 532 


] ArchiannelidA, 24 1 ; nnatoniy, 248 f. ; 

nerve cords, 255 ; development, 243, 245 
: ArcJtiyctes, ft, 74, 76, 01 ; significance of, 77 
i Area, of zooecinm, 523, 524 
i A ecu i cot a, .133 ; perienteric sinus, 262; 
uepliridiuni. 253, 264, 269 ; pro- 

stomium, 259 ; body, 259 ; head, 264 ; 
gill, 265 ; chaetac, 266 f. ; genital 
j organs, 273 : otocyst, 273 ; burrows, 

, 285; pigment, 291; colour, 293; A. 

manna, 333 ; habits, 301 ; in brackish 
water, 284 ; as bait, 297 ; eggs, 314 
Areiiicolidae, 2.73, 333 

A lyilnji/uhis , 372 

Ai'hynchidae, tfi5 * 

; A rh 1 / nett its hem iff imt hi, 1ST, 7.SV# 

Ariciu, otoc.yst, 273 ; eggs, 275 
Arieiiilae, 25 S, 3*1 ; gill, 266 
Aristotle, on Kart Ii worms, 347 
Anuata, 445, 446 * 

, Arthropoda. absein'e of cilia in, 124 
Articulata, .717, 5/S 
A scar iilac, 131, 13S, 163 
A scar is, 130 , 163 : A, acus, 130; A. at at a, 
140 ; A. itefircssa, 141 ; A./erox, 141 ; 
A. i hcv era, 141 ; .1. tcptnptera , 141 ; 
.1. I urn hr iconics, 125, 134, 135, 139, 
163; A. uiiyiilnccjihalii, 1 25, 127, 128, 
131, 136, 140, 163; A. vmemnata , 

; 141; A. uiifsfiu ■, 125, 130, 140; A. 

i u iff ronr ansa, 155 ; A. rahicuntto , 141 ; 

j A. suit fnc, ISO ; A. sulcata, 141; A, 
fnnisf 111 /a , 125, 126, 141 
! A sets/ ict if mi, 521 11 . 

! Ascnuincfifm, 233 
! Ascnjnntaria , 4S8 11 . 
j A stilus. Rotifers attached to, 227 
| Asexual reproduction, in Triclads, 40 ; in 
j Uliabdocoe.ls, 44 ; in < -estndcs, 80 ; in 
| Tcirhnftta.c anil Safi nett a, 96 ; in Poly- 

I chncta, 278 f., 279, 280, 282, 340 ; in 

] Oligochaeta, 374, 375, 377 ; in Polyzou, 
496, 514 

Aspidobothridae, 73 
Asfiiilncoti/lc , 73 
Aspidonotylea, 73 
A sfiidnf taster, 63, 73 

Aspiiinaiphwi, 421, 423, 424, 435, 428; 

commensalism of, 429 
Asfi/anchiut , 200, 205, 210, 213, 216 xi., 

j '333, 226 

Asplunchnaceae, 203, 212, 320, 332 
Asplauchnidae, 200, 201, 203, 205, 211, 
212, 216, 333, 226, 230 
Asfifaneh unpus, 201, 211, 222, 223, 226, 
230 

Ass, parasites of, 1 40 - ; 

Association, of Rhalslococls with Lainelli- ■ ' 
branchs and Sea-urchins, 45 ; of A/qmv- ; 
fus fa seas with littoral animals, 46 ; 
significance, in Turbellaria, 51 — see also 
Commensal and Parasitic 
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Asteroids, as hosts, 341 
Anlcntpc, 3 15 

Aatrtqiecten. os host, 297, 309 ' 

, Atokous phase, 277 n. 

A tractimenw, 131, 150 , 152, 153 
Atrium (genital), in Manana, 38, 39 : in 
Oligocliaeta, 38], 378 I 

Atrochus, 201, 213, 214, AU 
Auditory ■ organs, of Turtalhma, 26: of: 
Hoploncmurt.ua, 106, 110 ; of Numatodn. , 
128; of Polyohaeta, 273 | 

Aulantomum, 303, 300, 403 
Auricles, of Rotifers, 205 
A util yin*, AOS ; eve, 255 ; denticles, 270 : 
brood-sac, 275, 276; reproduction, 278, ! 
279; sexual dimorphism, 281; A. 

rhinitis. eggs, 276 

A iifiHtiufu*, British species, 50 , 

Arenrltu. 533 j 

Avion lari an zooecium, 482, 52 1 
Aviciilurimii, 466, 167, 468, 482 f., 482, 
516, 517, 522 f., 524 ; adventitious, 
482; vicarious, 482; vibraculoid, 484, 5 
485 ; structure, 183 ; iiiovenieiits, 485 ; 
function, 486 
Axinr, 56, 4 A 
Axiof/ira, .U.\ 333 

Baki.y, on I 1111111111 parasites, 13!) 

Bainl, 011 Oligocluietii, 382 
Bait, Polychaetn as, 267 
Baker, 011 Rotifers. 197, 207 ; on Polyzoa, 
496 11 . 

Haiti mujlnssns, affinities of Neniertinea 
with, 120 

Halatru, 201. 212, ^4. 227 
Balfour, 011 Trocliospherc, 229 
Jiu rev tail 1 , 488 11 . 

Barrois, 011 Polyzoa. 509 
Baseinent-uiembrc.ne, of Lrptaplana. 11 , 

K 12 ; of Nemertines, 102, 103, 110 f. 
Bathymetrical distribution, of Poivcliaeta. 
300 

IMellodrihta. 370 

Bdelloida, 201, 203 f„ 21], 213, 215, 216, 
082, 227 

Bdellouridae, 32, J ^2 

■ Jkau ia, 5 IS, 525 I 

Bedflard, 011 Tctrastrmuui aquarium tin/- 
.riturt, 118; 011 Oligoehuetu, 347 f. ; 011 1 
Leeches, 392 | 

Bed well, 011 Rotifers, 198 ! 

Benedeu, van, on Cestodes, 76 ; 011 Xenia- j 
todes, 162 ; on Pfumtn is, 450 j 

BenliAin, on 11 fresh- water Tvtnistnnma, j 
118 ; 011 Arcliiannelida. 241 f. : 011 Poly- > 

, chaeta, 245 f. ; on Myzostonmria, 341 f. ; l 
- , jOii Oligocliaeta, 357, 373, 382; on j 
Phnronis , 452 f. 

* ’ Berthamia, 3S3 f. 

■ . BiceUaria , 461, 518. 526, 527 
' Bilfinger, on Rotifers, 212 


Biiharzia , 4, 7.7; H. craasa, 70 ; li. harma- 
tabia, 63, 68 f., 69 
liimaatn*. SSI) 

Bipaliidae, 35, 4 4 
Hi/ni/inm , 83, 34 , 44, 408 
Birds, IVematodes of, 62, 63, 64, 72 ; 
tVstodcs of, 77 f., 84, 85: Nematodes 
of, 141, 119, 163; if tin/ in* of, 173; 
Acaiitlioeephala of, 184, 185 
Bisexual, Turliclkiria, 44 ; Tieiuatodes, 
70 f. 

Bladder, of Rotifers, 214 
Bladder-worms, 5. 79 f., 89 
Blanchard, on Ccstnda, 91 ; on llirudiiicn, 
392 f., 105, 408 

Bliistoiiicres, of egg of hisUnninn, 65 
Blood, of Neniertinea, 108; of Palyynnlin*, 
244; of < 'laietopuda, 252; of I'-hlor- 
haemidae, 252, 331 ; of Mntjrfnna, 
252, 325 ; of Sahclliformia, 252, 

337 

Blood-corpuscles, in I'luictnpoda, 252 
Body-cavity (including Uoclom), of Nenia- 
toda, 130; of ifa rtf in*, 166; of Aeaii- 
thocrphala, 175. 178 ; of Clinetognatlia, 
187 ; of Air Ilian ncl ids, 213, 214 ; of 
Poivcliaeta, 219; of My\n*tmna , 343 ; 
of Oligocliaeta, 355 ; of Leeches, 397 ; 
of Gephyrca, 416; of Phanmi w, 451, 
162; of Polyzoa, 468. 4 88. 495 
Bodv-wall, of Neniertinea, 102, 108; of 
Nematodes, 125; of Gordiidue, 165; of 
Acaiithncephula, 175 ; of ( 'liaetognntlia, 
187 : of Rotifers, 205 ; of Xnris, 219 : 
of Oligocliaeta, 349 ; of Gephyrca, 414, 
136 ; of P/t fin m is. 451 ; of Polyzoa, 
470, 495, 500 
Roliadsch, on Gephyrca, 111 
/infirm i/f a, .77 7 ; chaeta, 350 
Roucllciii, 435, 292 

limit'll ia , 111. 434 , 44 J ; anatomy, 434 f., 
435 : male, 438 ; development, 439 ; 
habits of, 442 ; as host, 297 
Bonnet, on Oligocliaeta, 348, 379 
Boring Worms, 286, 287 
Borlasc, 011 Li urns mar inn s, 99 
lior/u«in rlizahrf/uir, HI, 114 
Botlii'inceplmlidac, 01 
Both riow*i >h aliime. Of 

/jnthrinnr/ifuif its, 0/ ; It. conhifns, 81, 91 ; 
II. I’ris/tUn s. 81, 91 ; IS. fafu *, ill man, 
81, 91 : life -history, 84 ; reproduetivo 
organs, 87 f. ; larva, 87 ; Ji. nnmsmii 
( = H. / iff nf fairs), 8 ], 91 
' linthrwrrrca , 226 
Jh 1 th rionm ran , 370 
lintfiriflpfnna, 46, 50 
Bothrioplauidne, 42, 46, 50 
Hath routcsnsfama /irrstinatnin, 40 
Bourne, 011 Oligocliaeta, 352, 373, 377 n., 
380 : on leeches, 400 
Bouvier, 011 commensal Gephyrca, 429 
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Unnvrhmdiu, 470, 480, 4M. 11*2, 500. JW, 
532, 533; larva, Till, filll ; budding, 
514 

brurhinuiduc, .1 1 A 

JlntrhiintHs, 200, *201, 201, ‘2 1 8, AJA t *22i), 
2*27 

Hi'tti'h i/ii ?ii ns, 357 

brackish wntcr, llotifcrs, 22*! : Pnlycliocta, 
2S I : l'nly/1191, 492 

Jhvilf/iirniit. /.j/9, 1M, IliO 

bracui, mi slat oblasts, 503 I', 
brain -see Nervi ms System 

11, nm lull ion. :*!•:!, 396, 397. 401, 4 t»i 
branchial clown, 836 ; regeneration of, 
*2S3 

11 m n rh tnfiiJrl In, ,170 

Hi'ii lu'humi nut, .1,17 ; gills, 2rt 1 ; cy«*s, 272 ; 

Ii. cit/ifmis nil A/ilwifilf, 299 
/In r itch i urn < 3;VJ. 301, 307, »77«S* f.; trans- 
verse section. 363 

brami, on Plat vliclmiiithcs, etc., 0 n., 55 n., 
*!2. 94 

I ii’i'ffin , 5*25, 5*27 

bristles - Chart ae, i/.r. 

Kristie- worms, 211 

britisli, Pnlycladida, 19: Tricladida, 42; 
lilialulncnelitla. 49 : N’einertinua, 10**, 
110 f. : I'nly. haeta, 30*5 f. : Earth- 
wnrins. 39* » ; Lect;hcs, 393; (lephyrca, 
449 ; Polvzna, 488 505. MS f. 

bmod-pniirh, of S/iimrht\ 201, 27*i, 341 ; 
of Snhnncinn, 27*! ; of Kntnprncta, 487, 
f»07 

brood-sac, of A n /«#/#// n.* f 279; nf Afi/ria- 
niifu, 280 

brown I mily, in Polyzoa, 468, 471 f., 472, 
489, 41*0, 510, 514 

brown tuWs (ne]iliriilia), of Sipiiiiculfiidca, 
416, 417, 423, 425 ; of Heliinmidea, 
436, 437, 439. 441 ; of Kpithctosnimit • 
nil lea. 446 : liseil as generative iliiets, 
4 IS, 438 ; absent in Prjapiilnidca, 430 
bryo/oa, 475 

Unreal region, in Polveliaeta, 219, 250, 
269 ; nf ynris t/im'.sirnfiu\ 248 ; of -V. 
ni/frifi'in, 316 

biielianan, on marine minis, 423 
JlnrUinh.iii, 359 

bin Ming, in Syllabic. 279, 283 (see also 
(ieinmalion) : in Polyzoa, 467, 51 1 (see 

also I'olypiile-binl } 

Ihii/nhi , 467, 468, 477. 481, 515, 517, A1S, 
519, 5*20; a vie ul aria, 483, 4N5 ; larva, 
51 L 

Ibinge, on respiration in Nematodn, 130 
burner, on Nemertiiiea, 109, 112 ; on 
.V# rh on' in n t Ills ; on Hinidincu. 397, 403 
burrows, of Polyehaeta, 2«S5, 304 ; of 
f'ii‘i'iititfiis % 2**» ; of XriviVi, 286, 316, 
317 ; of A iruirii/ii , 333 ; fossil, 302 ; ol' 
Earth worms, 30S ; nf Sijninr.nl nn, 42G 
Bursa semiiiulis, in bhalslococls, 48 


i Busk, on Polyzoa. 465 n., 475, 487, 519 
Itiinkiti, 533 

biitselili, on Nninatoda, 137 
Jti/rxu/i/iMts, oeenrreiiee, 44 ; britisli 
species, .f0 

\ Ca/ikkka , 487, A IS, 52G ; vibracuhi, 486. 

| 517 

| ( * 111 * 1*11 iii , in Polyzoa, 499 
! t ‘ninth ns. host nf din'll inn. 17*2 
J ( 'almost nuiinac, 7 A 
j Ctilirns/iiininn, 7.1 
i Caldwell, on l*huiiuiin, 454, 45G, 4G1 

! ( , itfii'nfi//i\ 7 A 

Cn Hi, l inn . *201, 202, 204, 218, 219, HAS. 
225, 227, 230 

CaUinfmthriinn , 76 n., 01 ; larva, 77 
Calotte, of Dieyemiils, 93 
j Calyx, 48S 

'■ < 'amerano, on development of (hmlius, 170 
I Vnpit*'Un y AAl ; perisioiniiiiii, 2G3 ; special 
I chaetac, 267, 26.S ; habitat, 28G ; 

colour, 291 ; i\ dpi tutu , distribution, 
j 299 

■ Capitellidue, JV7.S’, ,1.11, 373 

\ Capitelliforniia. AAS t An"* ; guanin ill, 
253 ; body. 259 : buccal region, 269 ; 
siphon, 272 : ciliated organs, 272, 273 ; 
genital organs, *273 
* Oiti'iihns , host of dunlins, 172 
(Ini'inrlln, 112 : britisli species, //;? 

. Carinolliduc, side organs of, 107 
Caruncle, of Ampliinoiiiiilne, *260, *273 u. f 
318 

flu rtf I if ih j/1 Inf us. 01 : C. m u/tthi/is, 77 
iwA, A(*S ; distrihiitiou of, 300 
Coastings, nf I'olyeliaetii, 285 ; Ibssil, 302 ; 

nf Arrniojln , 333 
fWiWff, 44, 40 

. Cat, parasites of, 80, 125, 130, 110, 143. 
114,145 

Cn/i'iiiivUn, MS, 519 
Cut m n/n f 40 
i Cn/hi/pnn , AAA 
( ‘iithypnidac, AAA 

O'llu I’iu , 479, 515, A IS, 519, 526 ; zooecia 
and nviculariiuii, 482 

< Wlr/mrn , A IS, 527, 528, 529 ; avieiilaria, 
j 483, 517 
; CWItpwWfn, 529 
I ( Win In rin, A IS, 5*27 
! ( 'elluhirina, A IS 

■ Cement -glands, of Rotifers, 205 
Cephalic, slits, of Nemertiiiea, 181, 104, 107 v 

111,112 " 

Cephalisution, in Polyehaeta, 263 ; in 
Oligoeliaeta, 377 
t’f/ihn lixl isms, 461 f. 

Ccphalopods, parasites of, 78, 92 ; list of, 
containing Dicyeinids, 94 
Ccpltultisiphou , 205, A. 11 
Ciplu(lotlin;i' t 11 A 
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Ceir.uriti, 13, 65, 07, 71 r. ; C. wnemermt, 
72 ; C. ci/stnjifioru, 72 
Cerci/ru, 42 

Cerebral organ, of NYim-rtim-.-i, 107 : of 
Cephyrea, 117 

Cetvfjiviftt/tis, 101, 111, 111; Hritish 

species, til 

Curfnntainc, on Earthworms, 210, 350 
Cestnila, characters of tin* group, 5, 7-1 ; 
nature of, 7*» f. ; urciinviiiM*. 77-82; 
life-histories. S3 : structure mul develnp- 
incut, 84-89 ; synoptic table of, SO f. ; 
dassilicatiou, 01 
Cestodariidue ( Monozoa), Vt 
CWh/jW/, 17, 18, IV 
Cestnphmidae, tV 

Clnielnc. 211; of Polyi-h.-iutn, 200, 267; 
provisional, 274; of A V#vw, 266, 217; 
of Ileternnereid, 270. 277 ; jointed, 2-10; 
natatory, in sexual Syllid, 27S, 307 ; 
iridescent., 20S, 201, 312; palmate, of 
I'ihiImi tiifin, 339 it.; colour, 201 ; genital, 
of f 331 ; of S/rrmts/iis^ 330 ; 

special, of Pufifi/niii, 261. 2*17, of C//«/c- 
fujifsni.-i, 207, 324 : of .1 ///•.i«fui/n/, 3-12 ; 
of Olijsocliaela, 317. 350, 351, 352 ; 
penial, 302 ; of Mieindrili, 37. r i f.; of 
Megadrili, 3S1 f.; of Lumhrieidae, 389, 
300 ; of L.-eehes, 395, 390 ; ( .-.luniks), 
of Eeliiuroid (Jephyreu, 434, 435, 438, 
440 f., 110 
( ( h act item. Mo, 410 

( 'Intrfnhrn Hf'/t //*, .'iii'J 

('fnir/nt/nsfr?, 350, 377. 401 
Chactnguat-ha. ISO f,, f»:M ; anatomy, ISO ; 
development. ISO; habits, 1 89; classi- 
licatinii, 191 ; key to, 193 ; American 
Species, 531 
Chvrhui.'tuS' 232, .J85 
Chaetnpoda, 241 f.: as food for Xeiiiertiucn, 
115 

Ohaotopferidae, 2fiS, .{*.! 

Cltitcfu/ifrri's, 304 u., anatomy, 323 f. ; 
sjtccial cliaetac, 207 ; larva, 271, 325 ; 
pigment, 292 ; phosphorescence, 295, 
290 ; commensals of, 298, 17 s , 533 ; 
C/i. nirinjw/ufi'ii, 324 
Cltaetusviutf, 158 
Chaetosoiuatidiu-, 158 
ChuGtosyllis, form of head, 27 8 
CInietorjuie , .lit ! ; uiieiui, 208 
(■fuwt.it ra f J./.7 
Chalk, Sorpulids of, 301 
Charles, on male, guinea -worm, 113 
Cheilostomata, #‘"/\ 525, 

526 f. ; occurrence, 478 ; external 
characters (see also Avieularium and 
Vibraculuin), 481 ; ovieells, 507 ; re- 
production, 507 f. ; hirva, 511 ; fossil, 
521 

Chtyjc, Delle, on Gepliyrea, 411 
Chickolf, on Trichuls, II 


('hiftmnm 7 /s, host- of (inn/iiis, 172 

Chitin, 249, 207 ; in cocloiuie corpuscles, 
252 

t'hfnriu , colour, 291 

Chlnrhaeiiiidne, ..*58, 305, ,? .If, 330 ; 
chlorocriiorin in, 252 : head, 200, 262, 

| 201 ; fillips, 200 ; tentacles, 202 

j ( 'lilorocruoriii, 252, 331; culnur due- to, 

291 

< 'hour, 8.18 

( 'hori.ajHint, 530 

, •'ilia, 3; of Jo, H. 12. 15; 

i of I’olyclads, 23. 25, 20; of Muller's 

| larva, 29 ; of Land I 'lunarians, 33 ; of 

i^i/iinriit htctrn, 35 ; of 7i , //i/n« , iyi/n//if l 
53 ; of Trcmat ode- larvae, 3, 59, 60, 65 ; 
of Ceslode larvae, 87 : absent ill certain 
groups, 124, 390; of liulifcr-, 202 f. ; 

! of Ai'chiaunclida, 213, 244 ; of Keliiu- 
! loii lea, 434 ; of I'htn'miis, 453 ; of 
I'olyzoa, 407, 470 

Ciliated, lappets, of P/rmsy/Iis, 273 n. ; 
pits, of /W////n/v////.v, 211: pits ( - nuchal 
! or^i us |, of l'filyehacta, 272 f. ; organs, 

of Capilcllifoniiia, 3o5 
1 Cingulum, in Kotilci-s, 202 

( 'irratulidiic, J/IS. ,!J5 ; gill, 2*15 ; teiitucu- 
lar tihiuieiits, 304 u. 

Cirnitii/us , 8.X ; burrows, 280 ; pigment. 

292 ; colour, 293; viviparous, 270 ; f '. 

| h'lihmihitu* f, 326 

i Cirri, of Snris, 210 ; of Pnlydiaeta, 205 ; 
of .l///;» «/«///»/, 3-12 ; anal, 259 ; nuchal, 
of Euniciilac. 31 8; pchslnmial. of .Vc/riVf, 
21 s ; iicrvcf. to, 254 ; of I'olyi-luicta, 203 
( '/fii/iH'ii/if/, with .1 /i/.i'ii'n/#/, 291 
j Clapan'dc, mi lleteroucreis, 270, 277 ; on 
Earth win-ins, 317, 355. 350 
I clans, mi Xciiintoda, 13 s ; on Seisnuaecae, 
225 ii. 

j t Viyi.v/z/f- -see (ifnssijifinniti 
j 300, 37 s 

J f Vni'nsi fi/iuii, 421, 4 /■'!, 429 
Clover sickness, 155 
( 7///yii'#/i', 888 ; (\ rhifiisis, lube of, 287 
Clyuienidae see Maldunidne 
( \nihii infill % 28 1, 8.iV ii. 

Cohli, oil Xeiiiiitoda. 131 n., 138 
Cobhnhl, mi Xeiiiatoda, 1 10 
(V Jiff is, host of Umtiii/Sf 173 
f.Wi/iwiv, 2i5 

Cocoons, of Triclads, 40 ^ of Oligni-hacta, 
304, 365 : of Leeches. 404 

< 'nelniii — see Hody-cavity 

CiM'louiie fluid, of Tolycliaeta, 252 ; an 
cause of colour, 291 

f 'win fwx, Zf.JJ 7 

Cohn, on llotifcrft, 19.8 
• 'olhir, peristniiiial, of Sabellidac, 336 ; of 
(Jephyrea, -121 ; of Ctenostoinata, 470, 
177, 480. 481 

! Colonial nervous system, 471 
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Colony, of Myrianitta , 1*81 ; uf Syllis 
rum* mo, 282 ; of Polyzoa, >1615 
Colourof Polyelads/JO: of Land Plaiiariaus, 
311; of Xcmertiiiea, 102; of Polyol laeta, 
281, 31-1, 310 
Cnliiriduc. 207, HA 
Cot urns . 2JA, 220 
iStmulolo, us host, 312 
Coiiiii]I'1ik;l1, Polychuctu, 207 f., 323, 325 : 

Gephvrea, 428, 421* ; Polyzoa, -ISO 
Com i f on development. of (Jephvrca. 410 n., 
141,414.117 

( , ii///i/V/ , uN 1 1 U 

tUmorhifus, 202, 203. 205, 215. 2/1, 220 
1 \ oomyrmo, lio.*ts of, 01 
Cmirohito, 45 ; British species, 43, 49 ; C. 
hrusrni. pelagic haliit. 13 ; f ". r>>scntft‘usis, 
assimilating 1 issue, 13 
Cnpcpoda, on Polyehactu, 200 
Vo f s' os, *J 1 5, J JJf. 

Coral reels. Polyehaeta in, 203 
Voralliiut ( — Coralline Algal, 1 1, 188. 510 
Coralline, 405 
Coralline Crag, 105, 521 
Cni'ollnhtithri urn. 5 / 

( VnvYAm, .host of l/oiifios. 1 72 
Cori, on l , h*o'oins, 151 f. 
f *»»/’#/ u lifts. 302 
Cotylea, 10 f., 17, 18 - 
( *utifl*»fostrr, \ tJ 
Vutylnplooo, 35 

C/H/rrnmn / ■/*/#»#, as hos{. 282 
Crayfish, Trmmtrr/t/tu/o. ussoeiatcil with, 
5*3 

Creeper, 317 
V/r/iino, 450 

CretiiciMjiis, Polyzoa, 520, 521 
Vrihri/iuo , A /.V, 524, 528 
Crinoids, as hosts, 341 
front? Hus, 358, 300, 380 
Crista. 471, 178, 478, 480, 507, A/8, 531 
Crisiidae, A 17 
Crisp, on Purasites, 104 
Vristoh/lo . 404 f., 495, 490, 501, 503-505, 
512, A IS ; attacked iiv Plaiiurians, 480 ; 
movements, 494. 490, 498 : fission, 490, 
500 ; stiitoliliist, 502, 503 ; larva, 512 
Vrtmso/mi/io, 302 
Crotchets, 266, 267, 305, 322 _ 

Crustacea, parasites of, 174, 179, 1S2 
Vryyfnrr/is, /It, 21 

Cryptoccphala, 2A8, 303, 30A ; vascular 
system, 252 ; ’prostoiniuin, 259 ; tenta- 
cles, *203 ; eves, 272 ; food, 290 
< 'ryptndrilidae* 357, 302, 373, 383 
fr/fjitnilrifo/t, 372, 383 f. 

Cfrit'H/rihw, 373 
Clenophores, as hosts, 298 
Ctenostoniata, 470, 477 , 479, 480, At, S\ 
532 ; occurrence, 478 ; in fresh water, 
492 ; external characters, 480 ; repro- 
duction, 507 ; larva, 511 ; relation to 


! Phylaetolaeinatu, 493, 502 f. ; fossil, 
521 n. 

CvcoUauu*, 136, 142, 163; C. dryans, 
143, 161 

: Vurumario, as host, 298 

■ Cuenot, on (iephyrea, 416 n. 

Cuticle, of XcmathelniiiithoK. 125, 165, 
1 75 ; of Rotilera, etc., 205, 233, 230 ; of 
Polyzoa, 170— see also Epidermis 
. Cuvier, on Oligochnetu, 352 ; on Gephyren, 

I Cj/clatdla, 4#U [411 

j Cffrl ivohdcltu, 392 
| Vy-ln/writs, / U, 22, 24 

■ Vycfajm, parasites of, 143, 148, 161 
! Cyclorhagao, 238 

1 Cyelostnmata, 477 , 479, 506, 517 , A IS, 
525, 531 ; occurrence, 478 ; external 
characters, 480 ; ovicells, 507 ; repro- 
! dnction, 507, 511 ; larva, 511 ; fossil, 
j 520, 521 
Cyttippr, as host, 29.8 
f ty/i rtt/rorci tan, 533 

; fi/fim/ros/nmo, 40 ; British species, A0 
i Cyphnuaiitc.s, 509, 510, 512. 520 
Vy/iriuu, Molortlu/rlto found on, 119 
I'yrtnniu , 334 

Cyst, of Land- Plaiiurians, 33; of Myztb 
stoma, 342, 343, 344 ; (rupnules), of 
.1 rn/osnmit, 370. 375 
t^stihrauchos, 395, 4 tM * 

(lystii'ereoid -larva, 83, 85. 88 
! Cyst iiviros Aiir\n, 79, SO ; list of. S3 ; t\ rrl- 
/ ii fust o', 79, 80 ; C. fosi/nrmis, develop- 
ment. 81, 85. 89 
Cystirolous, Myznstomaria, 344 
< 'ystoidotaeninae. It/ 

Cystotaeiiinae. It/ 

/)A CTYlJtti YRI’S, 73 

Dalycll, on liahits of Turbellaria, 6, 10, 
20 ; on regeneration in Polyehaeta, 283>; 
on tidies of Polyeiiaeta, 287 ; 6n Ilirn- 
! dinea, 105 n. ; mi larvae of Flustro, 466 ; 
oil Vris/afrl/o, 496 

Danielssen and Koren, on Gcphyrea, 442, 
444 

= Da/t/mia, Rotifers attached to, 227 
i bapulio, J.JA 

Darwin, on Earthworms, 354. 359, 368 
l/usyhranvhus, 331 ; gill, 268 
iMtsyr/tmif, 338 ; gills, 261 ; eyes, 278 ; 

regeneration. 283 
iJamyt/drs, 232, 235 
: Davaine, on Xemutoda, 140, 145 
' Dimtinrtr, 31 ; lk frinlberyrri, 84 ; I), 
wot/oynsraritHsis, 80, 84 ; lk jir*yfoUina, 
life-history, 84 
Davenport, on Urnatelhi, 491 
Davis, on Rotifers, 227 
; Deep-sea, Polyehaeta, 300 ; Polyzoa, 478 
I Jtsinmlri/os, 351, 384 
• Ih'layio , 478 n. 



INDKX 


541 


JJeiufrnbaena , 38i£ 

1 tend mcurl uni, 30, 3:1, 39 
Jtendrostoma, 422, 4:1 ft, 428 
Deiuly, on Laud Plunariuns, 38, 34, 38 
Denticles, 248 , 250, 310, 522 
Item, 352, d77 
Jierostomu, 44, /U) 
besinuyns/er, rfi SO 
Deamoscolecidae, 1 50 
Itesntoscnles, 159 . 2:18 
Desor, on Xemcrtiue development, 00 ; 
Type of, larva, 113 

Development, of Polyclads, 28 ; of NVincr- 
tinca, 00, 113: of Mcinatoila, 135: of 
(dunlins, 171 ; of Acniillmccphalu, 170 ; 
ofCliiieloguatha, 180 ; of Rotifers, 21 8 : of 
Arcliiaiinelida, 243, 24:1 ; of I’nlychacta. 
27 1 f. ; of Oligochacta, 385 ; of Leeches, 
309 ; of (iephyreo, 410, 432, 130. 447 : 
of Phuronis, 4:18 ; of Polyzoa, 508, 500 
— see also Life-history and Larva 
Dinr/nirhi , 388 

Diaphragm, of Xr.ivis introvert, 2.10, 251 : 
of Tvivlicllidue, 801, 327 : of Polyzoa, 
469, 170, 50(i, 50S 
biasrhirji , J.£Si % 228 
bias/.u/inra., HIS, 581 
Itiches/as/rr, 382, dSd 
ItirJidn/ibnra, 73 
I)imt /// #/*, 32, 35, 36, 
birra unfaniitt, il/ ; It. mmiudti, life- 
history, 84 

Itiryfma, 03 ; veniiifdrin larva of, 92 ; 
liosts of, 04 

bin/emeiinra , 03, 93 ; hosts of. 01 
Dicyemidae, 02 f. 
bidi/mrs/aster, JS-1 

I)ittf/mu“uuii,7 »/; It. thy a n i ( -- Munustuinuhi 
frijMirtiliwt ), 71 
Didymozoontidae, 7-1 
JJigns/rr, 358, 359, JH3 f. 

Digcnen (l)igeuelii: Trematodcs), 5, 52, 82, 
7.7 : occurrence and habits, 82 ; life- 
histories, 83 f., 71 f. 

Digestive system, of /a'/i/h/i/uhii, 11 , 12; 
of Polvc.iuds, 24 ; of Triclods, 37, 39 ; 
of Rha'l»docoelida,42 f.; of Tern iiure/ilmlti, 
53, 54 ; of J*ulj/sfuin uni, 57 ; of Itistu- 
mum, 62 ; abseiiee. of, in Cestodcs, 74 ; ‘ 
' of Neiuertinca. 103, 103, 104 ; of Xenia - 
toda, 130 ; of Gordiidac, 188, 189 ; of 
Chafttogiuit-ha, 1X7 ; of Rotifers, etc., 200. 
233 , 237 ; of Archiannelhla, 243 ; of 
Polychaeta, 240, 280 : of Oligouhaetn, 

.. 358; of llirudinea, 308; of (lepliyrea, 
414 ; of Phomniu, 454 ; of Polyzoa, 
468, 460 , 487 ^ 
bit/itdmi m 7/ us, 353 
, Dijlem, 212. 217 , 2J4, 228 
Digonoiiora, 16 

Dimorphism, in Pnti/sfnm mu, 50 : sexual, 
of Trematodes, 70 ; of Orthoneetidu, 05 ; 


of Diunjibi/us , 243 ; of Polychaeta, 276. 
2701'.: of (lepliyi-ea, 43X 
Dinocharididae, d.lo 
biuucbaris, dJH 

binnpbi/Hs, 242 ; b. fur a talus, 242 ; b. 

yi/mri/in/its , sexual ilimorphisiii, 243 
Jtinu/M , JJ.i 

biu/Mttnt, gill, 31 S 
Diphyllinac. HI 
I bi/tlit.r, JJ'i 
I bi/drrfu iiit in, ?*» 

I /tiji/nfmf firiit m, 7 •* 

■ Jti [ihint rtl in, SSfi 

J)i[ihnlixriis, 7-1 : b. ( .1 111 fib is/ tun u m ) sub* 

rlu n 1 him, life-history, 71 " 

bi/ilnifustrr, />’>./ 
hi fiht is, 

bi/i/iisfniituin, 7 *# 

Itifihr.iHHi. 5:1, 60. 7-1 : life-history, 60, 61 ; 
reproductive organs, 60 

■ bijHimr/mrbi , . IS l 
'■ hifmf/Mi , 60. 81 

Iti/mrida , 52X 

Iti /1 i/l id in hi , XI, HI ; life-history, S3, 88, 
X9 ; specilic characters. 90 
Disc, in Itotifers. 200, 202 f., 202 
| Discharge, of genital cells ; Xcincrtiiiea. 

118; Archiannelida, 244 ; Polychautu, 

1 258, 274, 275 

bismhdr/la, 226 

■ bisrorr/is, lit, 23 

Discodrilida.*, 3:10. .;?//, 392, 395 
bisro/ms, 201, 226, 227 

bis/ibnniifiis , 149, 183 

bis/iintbrm , J J.~i 
bis/rnniiit , 212. 228 

Distoinatidac, 7d 

It is/ mu urn ad rr mi ( - It. m it/ runs ), life- 
history, 71 ; It, iifijmidiridutHiH, 1 i fe- 
ll is tory, 71 ; It. usridiu , lilc-history, 71 ; 
Jt.it/niTiihv , life -history, 71 V It. hrurbi/- 
siniuiiu, life-history, 71 ; It. huskii , 63 ; 
It. nnidttfiiiii , life-history. 71 : It. rlttri- 
i/rrnm, life-history, 72 ; It. rnujuiirhim , 
63 ; It. rntssum, 63 ; Jt. n/guuides, life- 
history, 72 : It. rt/li ltd rttrr.it m, 72 ; It. 
dimnr/ibnm. 72 ; b. rebiuu/niu , 63 ; life- 
history, 72; It. rchiuri , 414; It. r.udn- 
Itihii 1 / 1 , life -history, 72 ; It. rycum/um, 
83 ; It. Jrmr, 63 ; It. tf/nbi/mniin, life- 
history, 72; b. /linns, 63 ; It. br/mticuiii 
(liver -liuke), 3, 63. 67 f„ 72; lt.hr/rm- 
/ ibf/rs , 63 ; It. bf/s/ri.r, life-history, 72 ; 
I). jttponiruM {--It. sfmt hula turn), 63; 
D. laiirrufa/uin , 63 ; It. hi /rum, excre- 
tory system of, 62 ; It. mucmstnunim, 
life-history, 64, 60, 72 ; It. mat / 11 um, «8 ; 
I). 111 if i/ tt re, life-history, 72 ; It. nudv- 
tuxuM, life-history, 72 ; It. nadi -human i 
( = It. aphthalmiiiiuiii ), 63 ; 1). mvrmula- 
turn, life -history, 72 ; Jt. /nthnuiia/r, 63, 
70 ; b. mt ho nisi, 63, 70 ; It. retusum , 
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life-history, 7- ; h. rtHyvri { — h. /ml- 
nnmuM, 03 ; h. shjnatvtu , lift* -history, 
72 : I). si nr use, 70 ; Ik s/mtlnilutiiin, 
(>;i ; Ik si/mnn nht, life-history, 72 ; Ik 
t I'iiionnce/ihnl u m, lift- - history, 72 ; IK 
HYsfr nun nni ( — />. /ml ninnolr), 03 
hist if In, JJ3 
ltifiit/riifiin/ 1 . /)/ 
hili'n/m, ooi 

hi n, din, . 220 

hurl, minx, 133, 135, J4J, 100, ] 03 ; D. 
i*i rii "tt t 113; IK t/ifm/i’ini/is, 1-13, 103 ; 
/K strnuri'/ibn/n, 1-13 : IK fi'i,tinwi’r/i/nilii , 
1 13 

/ ini /m,iYii,i t 2*7, .//W, 327 
J>oir, parasites <ii a , SO f., 90, 125, 1 10, 1-12, 
i i3. nr. 

Jhili,'lin/ilun,i % 37, 

J tamest ic animals. Trematodes of, 07, OS, 
70, 72; < 'cstodes of. SI, SSI; Xema- 
todcs of, 13!) f., ]03 ; Acunt hoccplnda 
of, is I 

hnnmpnm, 531, 532 
l)nrsal ciliated orpin, 247, 25-1, 250 
Dorsal pores, 31 S 
hufj/h, i m ns, 131, 1 3 7. 100 
hmennenhis , 131, 135, 117 
hfr/nt niilutitmin, 0 / ; h. anntina , lifc- 
liistory, 84, 85 ; h.j/niri/is, I). in/nn- 
ililnilijnrniis, h. sr/ii/rni , 1 ili-liistory, SI 
excretory system, 108 ; 
British species. //n 
1 >rilnphagidnc, i *4 
hrilnji/i in /ns. 2<M. 210. 212, 227 

Diigcs, on Planariaiis, 0, 10; on Olign- 
clincta, 30S 

Dujardin, on Rotifers, 108: on (iastro- 
trirlia, 231 ; on Kinorhyiirha, 230 
Duplicaturc, 499, 500 
hnlhirrsiu , U1 

Dwarf males, of Afi/^nsfnmn, 31 1 ; of 
(lepliyreu, 438 

Kah-i'Ocki.k, 155 

Kart li worms, 347, 307# ; senses, 354 ; food, 
35!) ; ell'eet on the soil, 308 ; distrilm- 
tion, 309 f.; classification, 3801".; British, 
390 — si'i! also Oligochaeta 
Kliranl, on Hinidineu, 393 

/•Ich *• nr Hu tf/i #7 mu, 01 
/£t‘h i ##•■//•#, 7-> 

blrhinuhnthi'iiiin, 74, 75, 85, 01 

bid, i nnrnrrus, 80, 83 
bit'll inurntijlr, HI 

bli'li /n »#./»* I"# *s, 230 f., 236 
Krliiiinrhvncliidnc, IS I 

bldi i imrh ,f nr/i ns firm #, 175, 179 ; bl. unt/us- 
f n/ ns, 174, ISO ; bl. rlitrnln f ISO ; bl. 
burr ni',i , 176 ; bl. Unstuu'i, ISA ; bl. 
Inl'.n , /.S\/ ; bl. in • ui ilifi •/■#///.«, IS3 \ bl. 
/•miens, 174, 180, 181,' 182, 182 
blrh ii tusipluni, 424, 429 


Echiuroidca, 241 n., 4l~% 434, 440 ; an- 
atomy, 434 f. ; classification, 44 n 5 de- 
velopment, 439 ; parasites, 444 ; haldts, 

442 

bleb ini' it x, 330, 411, 435, 440 , 441 ; <le- 
vtdnpmc.nt-, 439 
Eckstein, on Rotifers, 198 
blcJijiiifritux, 3S0 

Keonomie uses, of Polyi-linda, 290, 297 
Ketneyst, 469 , 470, 523 ; ol 1 Phylncto- 
laemata, 490 I 1 ., 5<l3 
Ketoderm, of Mcso/.oa, 93 , 95 
Kctoparasitic Trematodes, 4, 52, 53 
Ectoproeta, ^7/7, HIS; structure, 469 ; 
lnjihophore, 476 ; reproduction, 500 f. ; 
larva, 509 , 510, 511 ; compared with 
Kntoprocta, 488 

Kll'eet s of pnnisites on their hosts, 50, 08, 
09, SO, 91, 102 

Eggs, of Le/itoplniw, 10, 10 ; of Polyclads, 
28 ; of Trielads, 33, 40 ; of Rluihdo- 
coels, 47, «1S ; of Termatndes, 52 ; of 
(••'toparasitie. 'I'remalodes, 51 , 58, 60 , 01; 
of einloparasitic Trematodes, 0.3, 09 ; of 
iVstodcs, 87 ; of Ortiionectidae, 95; of 
Xcnicrtiiiea, 110; of Xematoila, 135, 
102 ; of (Ini'll in*, 171 ; of Acanthn- 
n-phnln, 179; of (.'Intel ngnatlia, 189; 
of Rotilera, 200. 210 f. ; of (iastro- 
trielia, 234 ; of AV#v/#, 250 ; of Poly- 
cliaeta, 2/4, 275 ; of Kliyllndocids, 31 1 ; 
of Senln/itns, 321 ; of Alpr.nsfunni, 343 ; 
«»f Polygon, 500. 507 

Ehrcuhcrg, on TurUdlaria, 3, 0 ; on Roti- 
fers, 198, 220 n. f 228 ; on (last rot rich it, 
231 ; on Polyzoa (Rryozoa), 475 
Eichhorn, on Rotifers, 197 
Risen, on Oligochuctn, 3S0, 390 
Eisig, on L’upitelliilae, 373 ; on ISuneUiii , 

443 

bill'll, ,U 481, MS, 523 , 530 ; larva, 509 , 
510 ; variation, 510 

Elytra, of Polynuids. 266 , 292. 294 , 298 , 
299, 309 , 310 , 311 ; phosphorescent, 
295, 290; as hrood -pouch, 275; of 
A]ilirnilitid:ie, 200 ; arrangement of, 309 ; 
of Signlionimty 3JJ 
bl nun tin, 10 n M 10 
Enantiidae, 10 
bliii'/if/itliitiit , JH7 

Eneli vtraeidiu 1 , 359, 300, 301, 300, 367, 
370, J7* 

blnchi/tiinns , host of (inn I ins, 173 
blnmt iflnhe, 73 ; eggs of bl. /myi’lli, 58 
Ernloeyst, 471 

Endoderm, of Mesozoiu 93 , 95 

Einloparasitic Trematodes, 4, 52, C2 

Euopia, 109 

Enoplidae, 137 

bln up! ns, 157, 100 

blntnfujibnrn, 3 IS, 532 

blnterojdnea , 3J4 
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Eiit.nvsfoina % 46 ; Jiritish species, .-7 0 
Eutoprnctu, ^7V7, 47!*, 487 1'., 3/8 ; loplio- 
phore, 476 ; reproduction, 506 ; larva, 
609, 510 

Ensphora, 216, 218, 2*4 
Ephrmuru, liost of ffvnUn s, 372, 173 

Ephrsin. 321 
blpiMrlfa % 55, 72 

Epidermis, of Lrpfn/itnaa, 11,12 ; of I My- 
riads, 20, 25, 29 ; of Trema lodes, 56 ; 
of t.'estodes, 85 ; of Neniertinea, 102; of 
Ncmatndu, 125 : of Aruntliorepluila, 
175 ; of AV/Wx, 241* : of Oligoeliucta, 
340 ; of Leeehes, 306 ; of (lephyrea, 
4L4 : of J'fmm/tis, 45! -sew also Hypo- 
dermis 

Kpigimious, phase. « if AV/Wx, 277 ii. : worms, 
2*1 

Elristonie, ill F/nutmis, 453, 455 ; in I’hy- 
liietoliifiiuitu, 470, 476, 499 ; in larva of 
Jwtt/n unti % 509 
Epislnmia, ;7/.V, 520 
Epithr/tmu/nn, 414, 445, 441* 
Epithctnsomutoideu, 4/2. 444 
Epitoknus, phase, of AV/v/x, 277 n. 
bird m in. 223, 220 
Kriogriiphidae, ^.7.s‘ } 338 

bli'i»n'nh{ii\ 

Errant in. 25s, 285 

blsrharn, 510 

Eseharina, 5 IS 

Esrhnmit/rs. 527 

Kiichhuiididne, 221 7 

Eurhfnnis. .*23, 226 

blnrrntrn . 3 /.S', 525, 527, 528 

Kiulrilidae, 35S», 300. 3S», .?.sV 7, 403 f. 

blin/rif n.\, 354, 3S3, 403 f. 

Euichthydinu, 23. 7 

Eulalia cirii/is , .if 4 ; pigment, 21*2 ; colour, 
293 ; eggs. 311 u. 

Emur nia, 334 

bln n //■#*, 318. 7/.0 ; iiephrhliuni, 251 ; eye, 
255; head, 262; para podium, 264 ; gill, 
205 ; chuelue, 200, 267 ; jaws, 270 ; sub- 
stance of tube, 21*0; commensal, 298; 
E. tihimia , 290 

Emiicidac. MS. .1/S ; palps. 200 ; tentacles, 
202 ; jaws, 270 ; tube. 285, 21*0 ; colour, 
291. 292 ; parasitic. 21*7 ; tubes con- 
■ taming J'olyiioids, 293 ; Palaeozoic, 302 
Ennirifr.s. 30L 302 

Euphrasy nr, 318 ; pariipodium, 265 ; 

rhnetae, 267 
Jin/wlia, 113 
Eupolyzoa. 461 

Eurycercus, shell of, inhabited by Rotifers, 
Enryfrptn, 10 [227 n. 

Euryleptidue, 10 
Eurythoe , 318 

Enstrtnnjylns yhjas, l.f 2 ; A', tuhifrur, 142 
Eusylfis, reproduction of, 278 
Excretion, us cause of colour, 291 


; Excrelory system, of Lrpfupfana, 13 ; of 
j Polyclnds, 25 ; of Trirlads, 41 ; nliseiit 

j in Acoela, 12 ; of Trmnnrrphafa, 54 ; of 

| l.Mgeneu, 62; of (Vstudes, 86; of Ne- 

| ( liiertiuea, 1<*8, 108, 120 ; of Nematodes, 

I * 133; of Aeauthoeephala, 177 ; of Koti- 

| tors, 199, 213 ; of Hast n it rich a, 234 ; of 
i Kiuiirhyiieh.i. 237 ; of Pulyehaeta, 253 ; 

of PulyziKi. 472 f.- see also Nepliridiiim 
| bl.riH/tiiir, 3nS ; attachment of eggs, 275 ; 
reproduction, 27* 

: Eyes, nf Lfpt'ipln na. 8, 15 ; of Polyelnds, 

I 2(1, 27 ; development of. 30 ; of larval 
Polystomatidac, 59, 60 ; of Neiueiiiuea, 

. 102, 1 06 ; (»f Nematodes, 1 28 ; of tfnn/ius , 

1 66 ; of ( Miaet i ignat lia, 18.S ; nf Itotifera, 
i 215; of t hist rot richa. 234; of Kino- 
rhviieha. 23S ; of Pol vehiieta, 255, 272. 
314. 337, 339 ; of <)li'g..eh:iet«. 351 ; of 
i Leeches, 393, 394, 395 ; of (Scphyrcii, 
117 ; of Polyzoun larva, 509 

F.imtiri.i , 330 ; eyes, 272 : oloeysl, 273 
Fiiernl groove, of >Sahi‘Uiils, 337 
Fans, of t'haduptrrus, 295, 324 
Faraday, uii asexual reproduction of Plan- 
ariae, 6, *0 u. 

i Kiims on Polyxoa, 500, 508 
; Farrdla, 500, 6 IS, 533 
I Fnsrinfn , 67 
I /Warn pin, life-liistorv, 45 
j Kelt, of Aphnsfitr, 268, 312 
I Fertilisation, of Neiiiertiiiea, 117; of Xe- 
! mutinies, 135 ; of t inrdiidue, 171 ; of 
j Aeniitliocephahi, 179; of Chaetogiiiilhii, 
188 ; of Pothers, 217 

: Fi/nria, l/, , v , 163; /•*. at fra an fa , 134 : F. 

rystira , 112; F. ilrafira/nfa , 125; F. 
j i ana it in, 148 ; F. fnfnntn , 163 ; b\ fn.fi- 

‘ ramtata , 125; F. fun, 149; F. mrtfi- 

\ nr unis, 117, 157, 163; F. snntf aim’s 

hum in is, 149, 163; F, pnpiffusn, 163 

; Filui'iidsir, I//7 

, Fifif/rann, 3 jff ; tission in, 281 ; tubes, 290 
| Fimbria frn nis, 157 

| Fischer, on brain hiac in (lephyrea, 416 n. 

J Fislies, Treiiiat odes of, 4, 53, 55, 62, 64, 
71, 72 ; (Vstodes of, 77, 81, 85 ; Nema- 
tlielmiiillKs of, 142, 143, 149, 163, 173, 
182 

Fission, in Jliftalinm , 34 ; in Planariae, 
40 ; in Trirhupfn 96 ; in Safinrffa, 
96; in Pulyehaeta, 278 f., 279, 280, 
282, 210; in Oligoehiicta, 374, 375, 377 ; 
in Plivlaetoliieiiiatu, 496 ; in embrvos, 
365. 511 

Fissurrfla , as host, 298 
Ftahfl/igrrn, 334 

1 Flame-cells, in Lrpfupfana, 1 3 ; in Thy- 
stnmznun, 25 ; in Trirlads, 41 ; in Trm- 
nncrphnln , 54 ; in Pol yst omul nine. ami 
Tristomutidue, 56 ; in Jjislunt um. Ivteum, 
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62 ; in C-estodes, 86 ; in Nemertinen, 
108 , 109 ; in Rotifers, 213 ; in Uma- 
tdh t, 491 

Flrtehermbil a*, ,'iS.J j 

F/asra/»ria t 200 , 203, 205, 220, L'Jt, 220 
Flosc.ulnrinccnc, 202, 211,213, it'O 
Floseiilariiduc, 201, 203, 205, ft.JO u., 2:2 1, ■ 
23i» 

Flukes, 51 

FI astro, 105, 466 , 407, 472 . 473, -177, 515, 
fi IS, 526 ; avicularia, 482 
Fluxtrdla, 407, 477, fits, 532 ; larva, 513 
Flustriim, HIS 

Fond, of Turhclliirin, 4 ; of Le/itu/iltt/ia, 
10; of Pol ye lads, 24 ; of Trie lads, 37 ; 
of Acocla, 43 f. ; of Rhahdnc-oclu, 45 ; j 
of Trr mat odes, 4, 52, 62 : of Tnntunr- ! 
film hi, 53 ; of Custodn, 5 ; of Ncnier- I 
tiiiou, 115; of Ncinutodcs, 131; of : 
Ai'iinthoccpliula. 177 ; of (.'liuctugnatlia, j 
190 ; of Rotifcra. 207, 212 : of Gnslro- ! 
triolm. 234 ; of Polychiietu, 290 : of 
Ku till worms, 359 ; of Leeches, 393. 
400 f. ; of Gephyren, 422, 443 ; of 
l'olyzou, 467 

Foot, in Rotifers, 200, 201 

Forumiuifcra, ns fooil of LYdychacta, 296 

Forceps, of A’/fi/or, 270 

Forcipntu, 210 , 211 

Fonniilii. for Xemniodn, 138 

Fornix, 481, 617 , 525 

Fossil, Polvcliuctn, 301 ; Polyana, 520 ; 

Neniertiuea, absence of, 119 
FrnlrnWl/o, 176, 494, 502-505, fits, 519 ; j 
loplmphore, 495 ; statoblust, 502, 603 I 
Freuzcl, ou Trcimitodo, 62 ; on $olindla t i 
96 j 

Fresh - water, Turbellaria, compared with 
marine, 46; Neiiiertinea, 101, 118; 
Polychaeta, 284 ; Polyzon, 492 
Friend, on Oligoclmeta, 388 it. 

Frogs, Trematodes of, 55, 58, 62, 7 1 f. ; 

Nematodes of, 140, 142, 160, 173 
Frontal organ, of Neiiiertinea, 107 
Frontal palps, of Kunicidne, 318 f. 

Frontal ridge, 260 

FraUnaia, inhabited by Rotifers, 227 
Fulcrum, in Rotifers, 210 
Funicular tissue, 171 
Funiculus, 469 , 471. 172, 499 , 501 
Fa malaria, 216, 224, 226 

Gamiu.e, on Fluty liebiiiut lie*, 3 f. ; on 
Mesozoa, 92 f. 

(lam Hurras, Rotifers attached to, 227 
tbipes, cause of, 1.44 

Gimliuci 1 , on development of Aeoela, 44 u. 
(iusterostomatidue. ?•* 

tlastmisloannit , 7J \ O. Jhnhnot a hi , life- 
history, 72 : ijt, jittcilexci iui, 72 

(Jr ixt /■# ii ' i #/ # fix, 7,1 
O'adrwfiscns, 72 


Mast mt In/I a.v, 72 
Gastrotrielin, 231 f. 

Gcgenhaur, on Nemertine development, 
99 

Mrmellaria, fits, 526 

Gemmation, 281 ; in Syllidae, 278 f., 879, 
280 

Mrnhin, 37 
Mnslesut uk, 34, jf'f 

Geographical distribution,' of Turin* liar in, 
32 f. ; of Ncmertineu, 117; of Chueto- 
gnatba, 191, 534 ; of Gastrotrichi, 235 ; 
of Polyeliuetu, 299 f. ; of Oligochaeto, 
369 f. ; of Leeches, 405 ; of Gephyren, 
426 f„ 432, 4 11 f . ; of VV/nro/tiTr, 460 ; 
of Polyzou, 192 f., 504, 519 
(iMitwtrrti’s. 101 ; description of (t. chati- 
m/ilmea, 117 
Mrnjilttoa, 33, 38, 4-2 
Geoplan idae, 35, //J 
Geoseolieidin*, 351, 362, J7.W 
Gcphyrca, 411 f. ; history, 111 ; external' 
characters, 112, 120 f., 430 f., 434 f. f 
441; body -wall, 414, 436; digestive 
system, 414, 422, 430, ■ 136, 145; vas- 
cular system, 415, 421, 436; respira- 
tory system, 416; body -cavity, 416, 
437, 145 ; nervous system, 416, 431, 
437, 445; excretory system, 417, 423, 
431, 437, -115 ; reproductive system, 
418, 431, 437, 445; development, 419, 
439 ; food, 422, 443 ; commensalism, 
429 ; n 1 Unities, 241 n„ 336, 145 1„ 
512 ; British, 419 
Geniiariuiii, of Rotifers, 216 
Genu-yolk -gland, 47 
Giard, on Oligorhactu. 368 
(iid, induced by fW/tonts, 82 
G igiuitnrli yncliidae, J82 
(lajantnrhi/iielnts ifij/as, 174, 177 , 184, 
U. edti unit isms, (j, tsfiitv, it, taenioides, 

m 

Gills, of Polychaeta, 252, 265, 268 f. ; of 
A rra tenia, 333 ; of (.-hlorhucmidue, 334 : 
of Cirraltiftts, 326 ; of Fnfih rosy nr, 266, 
318 ; of Eunicidac, 318 ; of Serein, 246 ; 
of Kahellifnrmia, 260, 261 ; development 
of, 275 ; of Sahel la, 286 ; colour of, 294 ; 
of Sahel! aria, 268 ; of Kcrpulidae, 261 ; 
of Sf ernasfiis, 336 ; of Sign] ion ilia, 318') 
of Terebcllidoe, 329 ; of Oligochaeta, .. 
352, 363 ; of Leeches, 395 ; ofGepliyrea, 
416 

Gizzard, in Rotifers, 199, 210; in Foly- 
eliacta, 271, 307 ; in Oligochaeta, 868 
in Polyzoa, 477, 480, 532 f. 

Glands, on parnpodia, 249 ; of Phyllodocida, f 
314 ; oesophageal, 271, 272, 358 ; tube- 
forming, 287, 304, 827 
Gland shields, 287, 304, 306 ; of Sabellids, 
337 ; of Terubcllids, 327 
Glandular papillae, of Polygnntins, 244 



INDEX 


545 


Ghmsii»hon in ( = (Hf/wi-nr), 393, 393, 399, 
404, 4fJ7 ; anatomy, 397, 398, 401 ; 
spermatopliore, 402 
Glossiphouiidoe, Juti 

Glycem, cirrus, 235 ; habitat, 283 ; jaws, 
270 ; iiepliridiimi, 251 ; parnpodimu, 
284 ; proslouiiimi, 259 ; tcntm-les. 2(52 ; 

G. mpittilO) distribution, 299 ; //. //orXr/<7, 

320 

Glyceridac, i!58 % >UU ; gills, 23S ; eoelmiiiu 
corpuscles, 253 
Glyph Mr Hus, JSH 
Giiutliolulollne, 393 f., 

GJiathnhdcllidiic, juf 
Gnathoxy/lis , colour of, 293 
Gnhio, parasites of, 182, 183 
Gv/futi/itt , JJti, 423, 430 
G uniat la, ii.*0 

Goodrich, on Olignclnuda, 378 
(iordiidae, 131 f. 

Gtii't/iotlri/nn, rtS-f f. 

ffunliitN, 134 f., 164; <•’. fnlustrmts, 166 f., 
170 

Gosse, oil 1 loti levs, IPS, 209 n., 220 
(fotMiHt, 232, J-ti 
Goujon, <m Ti'irhimi , 1-13 
Gourrel, on Cluietognutha, 1 -^7 
Grail, von, on Jlliahdocoelidn, 1 1 ; oil 
(tt‘u/mnrrfi‘,s 1 101, 117 
( ImffUln , /in ; occurrence, 45 
Grassi, on t.'cstoda, 89 n., ,S9 ; on t'liacto- 
giiutha, 190, 193 
Grater, of Kiiuicidae, 270 
Grcef, <ni Ecli in roii lea, 4 11, 411 
Grcgarines, in 1’olyclinctn, 299 ; in 
Gepliyrca, 444 

Gregory, on Polyzon, 519, 520 
Grinder, of Eiiiiii'iduc, 270 
Griibe, on Oligochuclu, 317, 352 ; on 
JJirudiuca, 395 

Grubt'a, ;jnS ; attachmeut of eggs, 275 
Guaiiin, in coulomic. corpuscles, 253 
Guinea- worm, 147 
Ginufit, 31, 11, Jpi 
Guudiilae, 42 

Gyinuolaeniida, 4?(S, 512, ii IS ; Inplio- 
pliore, 476 ; in fresh water, 492 
Gy rat or harumph mtifnj, JU 
(Jyrucntyh'. ( Am jihi ply t'ln’s), U1 ; (». 

ruijasa, 77 ; G. «#■#/«, 77 | 

Gyrodactylidau, /7.J, 31, 7J 
Gyrodactyliuac, 7.1 1 

Gyrotlactylim , 55, 61, 7J ; 

rl HaBERTANDT, Oil CuHCOlHftti 43 ; 

Habits, of Platylieliuiuthes, 3, 7, 21, 35, j 
43 ; of Neiuertiuea, 114 : of Gordiidac, ] 
170 f. ; of Chafltogiiutha, 189 ; of Itoti- 
fers, 203, 223 ; of Gustrotiichu, 232, | 
234, 235 ; of Polyeliautu, 285 ; of Oligo- | 
chaeta, 363 ; of Guphyrea, 423, 433, | 
442 ; of Phoronut , 451 ! 

VOL. II 


| J/ncmadijHto , JfrK S’ ; eye, 394 
Haemal lluid, 252 
Hut'Huttoch’ptrs, parasitic, 297 

Hannt'ii/rrnt, JO? 

Hnuiucrythrin, 413; in Mayrlnmi, 252 
| Haemoglobin, in Xcmci-tiiicn. 107, I OS ; 

| in t -liactopodo, 252. 253, 291, 353 ; in 
i Gepliyrca, 437 : in /‘/win nix, 453 
I/aftnu/iis, 393, JfU7 
J/n firry /tins, j.l.J, 433 ; anatomy, 430 
llnllcz, on r rnrbi4]aria, 7, 21, -10 
l/alnxytl mi , 29S 

Hamann, on Nciiiatudu, 131, 133, 133 n. ; 

on Acaiitlioeephala, 173, ISO 
//</#/< /#/»/#«, 435 f., 44 - I males of, 13S 
, l/nplnlnii nrh us, .!.{[> ; gills, 231 
; /lu/ihx/ixrnx, 13, Jjfi 
! Ilaplndrili, 211 
j I lares, parasites of. 111, 145 
Marker, on Oligncluicta, 339 
Mariner, on Polyzoa, -135 f. 

; Harris, on 1%'olifera, 197 
■ I taring, on Uotifera, 197 I*. ; on Gastro- 
I trielia, 231 f. ; on Kiuorliynelia, 233 f. 

! II as well, <iii Tniiiinccplialidnc., 53; on 

! P/mrunis, 451 

llatsehek, oil allinities of Polyelads, 2S n. ; 
on nature of (.'« 'Modes, 73 ; on Troclio- 
pliore, 229 ; on dcvelojuueut of Gcpliy- 
, rea, 419, 417 

Head, of AV/v/s, 243, 248 ; of Polyrlineta, 
i 259 f. ; regeneration of, 2S3 ; of Twnn/i- 

I /*•#•/*, 315; of Aphrmlite, 260 ; of 

: Oilorlmeinidne, 331 ; of linnirr, 262 ; 

of .Yiy ihfhys, 262 : of / > hy/lnilnri , l 262 ; 

• of y , i»/#/#/#*#v/ 1 261 ; of INilynoid, 262 ; 
i of Snlir/lit. 261 : of Soh, •/fnritt , 263 ; of 
Sy lliil. 262 ; of Tmphuuiti, 262 
I //fi/ru riit t 133 

Hrkatrrtthra a, ’li us t .1 : Y» 

HrUtt,lrUus % 359, 3S0 
; /fi’liopui'ti, eontnining /Vi/i/ow, 298 
| Heller, on human parasites, 139 
Heinieliordutn, 432 
linn i/iyiif/if/, colour of, 292 
// nnisftuiinin , 7.1 
l/rmifuhi/r.r. ;i7S 
llni/nt, 339 
l frrimu/itiii , 299 

Hermaphrodite, Neiuertiuea, 109 ; Poly. 

cliucta, 273 f. 

Herniellidue, JlrW, .14 f 

Heruiellifnrmia, 341 

// Wuiwut. % U ; clnudae, 263, 267 

llcnuioiiiua, 309, .til 

Herpobdellidae, 4< f 7 

Hertwig, (),, on Chnetognatlin, 187 n. 

I i esionii lae, ,U)S ; segments, 258 ; head, 

233 ; swim-bladder, 27*2 ; genital organs, 
274 ; parasitic, 297 
Jlesperoil rilus, 852 f., 369, 37S f. 

Hesse, on nervous system of Xcniatoda, 127 

2 N 
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Ifr/mikis, 131, 130 

Hctcmcotylcu, 73 j 

Jb'h'i'i nlr rn , 7.7.7, KiO, 101 
Hctcrngainy, 00 u. 

Hctcroncmcrtiid, 7 7.7 
ft 1 i*t iirouercid phase. *270 f. ; chactac, 246, 
270 : parapndia, 270, 277 ! 

Hctcrouercis, 276, 281 — see Hetcr<»ncrcid 
l/r/rrnjmrtl, 520 II. 

Hctc.rosyllis 278, 279, 281 

y/i’.iv/iw #////»', 7 ./ 

7/# , .iv/i , //i #■#/, J * , 220 

llihcruaciiliim, 501, 602 

llinrks, on Polyzoa, -1 7 5, 500, 508, .010. 

510, 523 
//i/t/itiffnm, 528 
Jli/i/nintriit , 533 

Hirudinea, J,j7, 392 f. ; external charae- * 
ters, 392 ; British species, 393 ; eyes, 
395 : branchiae, 395 ; alimentary canal. 
390 ; vascular system, 390 ; body-cavity, 
397; licpliridiu, 399; reproductive 
organs, 401 ; cocoons, 404 ; classiiica- - 
tion, 405 

Hirjidiuictilturc, 393 1 

llinuhi, 393, 390 1., 399, 403, 405, ; f u7 : 1 
ne])1iriiliuiii, 400 
II is! n pin, 492 
llixfiin/rrimi, 302 
Ifi.sti'inhiff/fit, 242 'll. 

1 list rim! rilnx , 242 n. 

Holloway, on Rot iters 227 | 

IJolomyarii, 137 
Holostnmutidac. 03, 04, 73 
llulnsfiiniiiiii, 73 II. t .iTi twin ill, 0.3 j 

Holothuriaii, as host, 298 
lliiimi/nf/nstrr, 73 
Homalorhagae, 233 
Hood, of 8abrllnria t 263, 300 
Hooks, of Trematodes, 53, 50, 67 ; of Oes- 
toiles, 76, 85 ; of Oestode-larvae, 87, 88 ; 
taxonomic value in Ccstodes, 90 f. 
Hoploiiemertca, HHl, 109, I/O; auditory 
orpins, 100, 110; British species, 110: 
characters, 110; development, 113; 
proboscis, 110 

/hr, urn, 3 IS, 532 

Horse, parasites of, 08, 83, 90. 125, 140, 
142, 103 

Horse -leeches, 393 f. 

Horst, on Oligochacta, 35-1 
Hubreclit on Xemcrtiueu, adinitics, 120; 
classification, 109 ; excretory system, 
108 ; nervous system, 105 
Hudson, on Kot-iicra, 197, 198, 215 n., 
220 n., 223 n. f 228 

IJuO.snnii/tt , ' JJ/f. 

Huxley, on Rotifers, 198, 229; on Poly- 
ehaeta, 240; on Molluscoidcu, 475 j 

Jhi.rffftt, f, 25, 507 

JJt/'ilin(H'rii(, 299, 318, .779 ; tentacles, 
202 ; composition of tube of, 290 


llffihitiim, 199, 200, 202, 204, 213, "4 
220, 228 
Hydatinidne, 

Ifyinniuit'/ns, 9/ ; generic elnimcters, 91 ; 
//. tt i min n/a ( = Turn in Jlnrnpn nrtntn), 
life-historr, 83 ; specific. characters, 91 ; 
//. m n rim/ ( = Turn in mu rim/ ), 70; 
life-history, 83, S9, 91 ; //. imnn t 80 ; 
life - history, 83; specific characters, 
91 

liftin' rin us, as host, 342 

l/jtjn'rimlrihis , 303 f.; rcproiliicliveVrgaiis, 

363 

Hypmlerniie impregnation, 27, 218 
llypodermis ( - Epidermis) of 7/o;v//i/s, 
105 ; of Rotifern, etc.. 205, 232 
ili/fiiifilhireflii. 478, 318, 533; larva, 510 
Ili/fnirln/nr/ni.s, JfU 
lli/sirirhis , I/, 7, 119, 103 

h'UTUYMVU , 333 
1 ell t h vol )( lei 1 iliac, J t OH 
1 r/if/n/minmi , 131, //,7, 119, 103 
Jr/it/ii/ntiiriiin , Ut 
lelithyotaeiiinae, 85, 97 
hi nnm i'ii, 3/8, 532 
Iguana, parasites of, 142 
lijiiua, on yolk -glam Is, 38 u. 

Illoricata, 3J3 

lli/mlritus, 378 ; chaeta, 360 
Ilf/iH/rn in, 388 
I nn iff i nr , Jit 
1 1 u 1 rtie .11 hit a, 317, .7 7.5 

Incud ate, 210, 211 
Incus, in Rutifers, 210 
Inermiii, 145 

lufusoriforin embryos, 93 
Insects, parasites of, 142, 150, 152, 153, 
151, 100, 103, 179, 183, 184, 185 
Internal sac, 609, 611 
lnteruode, 525 
luterproglottidal glands, 90 
liitertentaeiilar organ, 469, 473, 508 
Introvert, in J’olychuetu, 249, 260; in 
(Scphyrva, 412, 424 

Investing membrane, in ccloparasit-ic Tre- 
matodes, 57 ; iu t'estodes, 85 
Indn, form of head, 278 
fsnrix, 103 

Jammkh, on skin of Nematodn, 120 
Jaws, of AWW*, 248, 250, 270 ; of Poly- 
eliacta, 209 f. ; of Kiiuicidae, 270 ; of 
Polyuoid, 270; of Auhih/tua, 270; 
fossil, 302 ; of (lit/rrra, 270 
Jelly. Miss, 011 Polyzoa, 523 
Jrnnriiia , 30 

Jimenez, on Leeches, 407 
Joblot, on Rotifers, 197 
Johnston, on Hirudiucu, 393 
Joliet, on development of Rotifers, 218 ; on 
Polyzoa, 508 
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Jiiiigcriiiauiiiacrac, inhabited liv I tot iters, 1 

227 ‘ ; 

Jurassic, Kcrpulids, 301 ; I'olyzoa, 520 f. ! 

Kaismh, oii Al'aiithnccphala, 177 
Kiiiuplodcrni. 469 , 470 
Keferstciu, mi I'olyi-ladida, 7. 10 
Kennel, von, on Xcnicrlinea, 10s ; oii . 

MithntMrlh, 101 n., 110 j 

Kt‘fria, ,ISJ 

Kiuorlipuchu, 2:10 f. 

Klciiiuiihcrg. on Trucliophorc, 229 
Kuril ilvrin, ", ,'i 

Kbllikcr, on l/islu,,, urn oh '/tH, 71 
Koivn ami Dauicls.-cii, on ( Jcphyrca. -112, -M3 ) 
Kownlevsky. on llinnliima, 397 ; on ; 
Pliuruiiis, 4 58 

Kracpclin, on I'olyzoa, 193, f»02 • 

Krause, on parasites, 103 

Krolui, oil Nciliertilie ili-velopluelit, 1*9 

Ki'ti/mitiy fSH : species 192, JIM; .Amen- i 
can species, 031 

Kriikmlicrg. on liaeincryt lirin, -110 
K i/iinfi/Sy ,;,sv; 

i 

LMIItnKiiSTIt ATI’S, 2!* 7 I 

Jjiriiiul u’iu, 200, 213, 215, 22ii j 
hm’UMitriit , 235 

/,(/»'/ ///»// liV, .1/ J 

Jj/tfi'H i/hiTtt, 52S 
Lamarck, on (iephyrea, -111 
Land, rianariaiis, -1, 30, 33, 34, 30 ; Neiner- ; 
tines, 101, 1 17; Olignchacla, 317 f. ; 

Leeches. -I OH 

Lang, on I'olx clads, 7, 17. 21 1’., 27, 2S n. ; 

on nature of t'cstodcs, 70 ; 

ljuiiii’t’, 32H ; ill lubes of, 

■17S, r.33 ; 

liankestcr, on Trorlio^phere, 220 : on j 
Kart li win-ms, 317 ; oii llirmlinea, 307 ; 
on (iephyrea, 430,137, 430; «»n l’odax- 
oniit, 431 

Larva, Midler's, 29 ; of Pnli/s/nunmi, 69 ; 
of fli/ft'iliNiii, 60 ; of Ififi'oditi'fiflits, 61 ; ! 
of lloloslomalidue, (53, 64 ; of / lis/nuiu m | 
64, 66 , 67 : hosts of larvae of digeuetic | 
Trcin itoiles, 71 f. ; of f 'id/infm/hriii ##/, ! 
77 ; of i 'esl odes, 75* f. : table of Ccslodc j 
larvae, S3, So, 87 ; of AS 1 // ix/m'i'/ilni/us, J 
84 ; of l\ ,, lh rnH'i'fthnl us, 87 ; of lli/ii/fi- 
dium (( ’ystiecieoid), S3, 88 f. ; of [ 

Mesozoa, 92 , 93 : of Xemertinea, 113; 1 
Tnichospliere, 2 2 1», 271, 439, :110 ; of 
PnlyijonHus, 246; of I'olyeliaeta, 271, 
276 ; of ( 'hit* to/ih'rus, 326 ; of .!/</> 
stoma, 344 ; of (iephymi, 419 , 439 ; of 
Phonmis, 458 ; of I'olyzoa, 460 , 509 , ! 
511 , 620 

Lateral organs, of Cnpitrllidac, 343 — see 
also Ciliateil pits 

Laurer's Canal (— Miurer-Stieda canal), 

57, 87 


Ltio-uii, 300, 327 n. 

J*rt m inimv/i/ndux, 131, 133 

Lei-keiiliy, on Prut fud us, 433 

Leeches, H*.} I, 392 f. >ee also lliriidinea 

Leeuwenhoek, mi Lntifera, 197 

Li -grain, on Nematodes in deserts, 150 

Legros. on 7V/#7# /###/. 1 10 

l.ehnel't, on lli/ndiiiiii, 30, 37 

Leidv, on Lot iters, 193 

/,« nuiirn/wis, 37, 

Lcmnisci, 170 
f.i’fHts, as lm>t. 298 
J.t'fiiditsthi'uiu, 293. <U1 

/ji'fiit/tit/rruui, 

Li'jiii fuHu/ us (Miiigeiius of /'.'///#i eye, 
255 

Lr/indin, 510. JUS, 52\ 530. 531 n. ; A. 
j'uf itii’i 'ii, 47S, 527 : larva, 611 

h'/itrif, ii.JiS 

hji/ndirit, 129, 131, 133, 100 
I.t filiif,/uiiit, 7, 8. 9, 11, 14, 17 : Hriti.Oi 
species, 1H ; hahits, H f. ; anatomy, 1 1 f. 
Leptoplanidae. Ill 
Isifilus/nuiii , 390 
Lesson, oil 1‘olyelads, 2 I 
Li’ih'isrus . parasites of, 173, 1 H’J 
Ijeiiekarl, on I'latyheliiiiiitlies. ti, 01 f. t 70 , 
70 ; oil Xeinertiiie.’i. 99 ; Oil Xematoda, 
130, 139, 110, 112, 1 10, 103 ; on Him- 
diuea, 395 

1,1'Ui'm’ld n fid i u m , G5, 66 
Lein-oeytes, of I’olyeliaeta, 252 
Li Ui'ih/hi'i' -see Put ildm'ii 
Ley dig. on Lot iters, 193 
Lias, Serpnlids in, 301 
/Jliifm/i'i/uH , 301, 386, 3H0 
Lii'/iruii/mt’it , Ji/S, 531 
Life- history, of Tivnin lodes, 4 ; of L'oly- 
stoniatidae (/'n / ystum urn , f h/iln\ium, 

i t'jf rut furl id us ), 5S f. ; of digeuetic 
Tivnnitodes, 03 f. ; table of, 71 ; of 
( 'estodes, 5 f., SJ ; table of life-histories 
of t 'est mles, H3 ; of Ih'/iy/idium , 88; of 
hieyeinidae. 93 ; of Xematoda, 159 ; of 
1 fiu'di us, 170; of Acaiilhoccphulu, 179 
- see also Development 
Li;/idii, HI ; occurrence, 35 
Lignl inae, HI 

Liiii Loon Keug. on Kart h worn is, 319 
Li iiniy nests of, 29S 
Lime, secreted by Serpulidae, 290 
Li nmo Co tru iii'ut ii/n, host of larvae of 
hidtun mu hi'/sdii'Hui, (57, 72 
Lim uni is, JfU7 

Jshuuiusy 205, J.JI ; early ilcseiiption of, 
197 

Liui n id ril us, ,17 S 

Li urns. III’, L. iniir in us (=/.. hnnjis - 
si hi us), 99, 100, III, 114 ; Jtnrlasc oil, 
99; size, of, 100; L. ffrssnnisis (■=/,. 
vhst'urux— ]. m suiitjuiiu’ux), recuperative 
powers of, 110 
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Liuguntulida, affinities or, 314 
Linnaeus, on ( Vstodes, 78; on (icpliyrcn, 
■111 ; on Polyzoa, *174 
Liustow, von, on c-lnKsiliciition of Xeniu- 
toiies, 187 : oil life-history ol‘ Avon's 
hiin/trirniiffs t 140; on parasitism, 162 ; 
on f/nrt/ins, 106, J71, 176 
Lip, lip - mem Inane, lip - processes, of 
Salielliilae, 261, 667 

Li fhihrii m b ins, A. I 4 ; s1i.'l]ie of body, 259 
Liporhroincs. in l’olyeliaeta, 292 
Lister, mi l’niy/.oa, 497 
Lit Inn loin oils, I’nlydiaeta. 287 
Lithographic. shite, fossil Polvchacta tVoni, 
301 , 602 

Liver, -lluke, Til ; -rot, OR 
locomotion, of Planariaus, 9, 10, 60 ; of 
Polyrlads, 22 f. ; of Neinerlinea, 11 1, 
Ilf) ; oft 'haetognatlia, 190 ; of Jtolifcrs, j 
etc., 20l!. 26f» ; of binn/iltifus, 216; of 
lMiylaetolaeimita, 196 
Looss, on Tivmatoilii, 02 n., 66, 70 
iiopailorhyneliiiiii, A/4 
IsU/nti/nrh ifiir/i ns t .} 1 4 ; A. v fifth f"ph yll u m , 
colour of, 292 

Ln/ihnrhuf/u, 6f)l ; ehaetu, 360 
Ln/ihn/irliu, with AVu/fV, 298, 619 
Lophophorc, in l*hnfuiiis t 456 ; in Polyana, 
470, 476 , 495 

Ln/thu/nts, 494, 199, 501, 505, .7 /.s', 519 
movements, 496, 497 ; lission, 490, 500 ; 
slatohlast, 502, 603 
Loricn, in 1 inlifers, 205 
Lori eat a, 205, .AA4 
Lofn, parasites of, 182 
bi.i’nsnmu, 489 f„ 489 , 490 , 500, .-7 IS ; on 
Poly chart a, 299, 4 89 ; mi other animals, 
489 ; I unis, 489, 490 , 506 ; larva, 609 j 
Lup- worm, castings of, 285; as l>ait, j 
297 1 

Lanihfirufin, 602 

Liimbricidac, 662, 671 f., ASS j 

A itiiilififn/nli://it, 692 

l.uinhfifnnfffis, 618, A2*)\ from fresh water, 
284 

fiH/nhrirurirrrifi’s , 802 
Liiniliririiliilae, 650, 661, A7U 
I.uiuhficulus, A7U ; as host of Itotifcr, 

21 1 n. 

I.innhficus, 619, 351, 656, 6**7, 668, 671, . 
ASH f., 406 f. ; generative organs, 362 ; 
cocoon, 366 | 

I.unulitrs , .7 IS ; vihracuht, 487 
Lmg, 617 

l.yeoriilae, 3/ A 
LifsiAicfy 297, A.iU 

M Acfiii.i.i viia v, on Polyzoa, 519 
M'lntosh, on Neniertinea, 110 n., 115, 
llti; on I'/nnnnis, 454 
Mucruspis, 7A 

Mucfnhihifu, 393 , 4 fH > • sense -I k idy, 394 


Mttcfnrhynfhvs , 44, 47 ; British species, 

W 

Murrushwnt, 44, 47 ; British species, 4 !l 
M aerostonmt i< hie, 4'A 
Mtnje/niw, SAX ; hnemcrythrin in, 252 
Magelnnidiir, 258, AAA 
Main-gut, of Ac/ Unpluna, 8, 16 ; of Poly- 
clails, 17 

J [uf (twin Win, 101; ilcseription of, 119; 
.1/. f/ivisw#, Iin 9 119; exerctorv system 
of, 10B 0 

Malacoentylea ( Bigcnca), 7 A 
Mahlauiilae ( - t'lymenidar), A AS, AAA; 
shields, 259 ; anal funnel, 259 ; clinetae, 
266, 267, 268 ; colour, 293 
Male, of ltotifers, 199, 200, 217, 226 u ; of 
Kchiurnids, 438 
Miilleate, 210 
Malleorauiat-e, 210, 211 
Malleus, 210 

Mammals, Tmnatndcs of, 62, 63, 67-70, 
71 f. ; t Vstodes of, 77-84, 89-91 ; 
Nematodes of, 166 ; Acauthoeephalu of, 
186, 184 

Man, Trematndc-parnxitcs of, 63, 68-70 ; 
tvstodes of, 74, 78-81, 83, 89 f. ; 
Nematodes of, 125, 169, 140, 146, 145, 
117, 166; (tnnli n$ of, 176; Kfhhm- 
rh if m'h n$ of, 186 

Man, l)C, on free-living Nematodes, 157 
Mu nn nun kin, 284, AAH n. 

Mandible, of nviciilnriiiiu, 482, 524 
Malison, on Fit n fin % 149 
Manubrium, 210 

Marginal groove, of A eiitu/itniiu, 15 
Maricohi, 60, 62, ,}J 

Marine, ltotifers, 226 ; Oligoelmeta, 866 ; 
Leeches, 406 

Mu ffih ysn, 276, A Hi ; as bait, 297 ; as 
host, 297 

Mastax, of Ltotifers, 199, 210 
Masteriiian, on ('liaetognalhii, 190; on 
Flinmuis, 461 
Musi it/i icr mi, :AA ‘ 7 

Miisliijuphinit , A IS, 529 ; vihraeiiluui, 484 

M ustnhfu ufh us, gill of, 268, A A l 

Matzdorf, on Leeches, 369 

Maupas, on ltotifers, 217 

Mhalolo, 297 

Mrfkrlin usn/ctifu. Hi 

Mrnjnostiunu , J/J 

Median pore, in (Micilostomutn, 484 , 524 
Megudrili, A7A, 374, ASn f. 

Mfifulut rufhn , A, At 

Mfijupora , 530 

Miyfi»:u/f.r, 351, 372, AS l, 383 
Mcijascolifli’s, 349, 358, 372, ASA ; body- 
wall and nephridio, 807 
Mcgnin, on parasites, 164 
Meissner, on Polyzoa, 493 
M flan ia, Cuuhunyia in shell of, 284 
Melanin, 292 
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Alelicn-tn, 202, 205, 200, 210, 215, 21 8, ! 
219, 221, 220 ; early description of, i 
197 , ; 

Mclicertaceac, 203, 2:21 \ 

Mcliccrtidue, 201, 203, 205, 211, 213, i 

jn j 

At cl in na, . 7,70 

Alrmbram'/tont, 481, 192, A IS, 519, 023. | 
528, 530; phosphorescence, 478 ; fmir- j 
tiou of 'aperture, 500 ; larva, 009. 510 : 
variation, 510 

ManmntijHur/fu, fits, 024, 528 

J feni/Hvt, A IS, 52*3, 527 

Alena is t 131, 1A(), ] 00, ] 03 

Mcnuithidac, 7/70, 103 

Meromyarii, 129, 7-/7. M2 | 

Mortens, on I'olyvlads, 0, 23 ■ 

Atrsnhtfrllit, //f/7 

AlvsniYsfoit/rs, 01 ; *1/. J iat'ofasy lifc-liislnry, 

84 ; specific cliaractors, 90 
Mcsoiicmertiui, 7/7 ! 

AlrsiwfniiMy 4 4, 40; reproduction, IS: 

Jirit-ish species, 40 
Mcsostniimtidac, 

Mcsolrnchal larva, 325 ; 

Mcsomi, 92 f. ! 

Metamerism. 219 j 

Metamorphosis, in Vnlycladida, 1 *». 28 ; in 
Troinutodcs, 5, 00 f. ; in l V*fnd«-s 5, . 
74, 70, 87-89 ; in /'/lornais, 159 : in ( 
Polyzoa, 512 I 

iMutniioiiicrtini. 11.2 i 

Mctastatica ( ■ llolostomntidae), 7 .1 ; life- | 
histories, 64 ! 

Afi‘/o/iiitii/ % 200, .7.7/7 J 

Melsohnikfiir, on Orl honed ida, 91 ; on ! 
Nemerliues, 99; on Chactosninnlidac, i 
ir.« 

Meyer, on Polyelmela, 201 i 

Alieliaelseii, on Mai tli worms, 319, .353, 359, i 
370 I., 375, 385 S 

Alicrorhurta, 302 

Alirrm'ftliilrsy JJ} 

Alirritrnt/na, 202, 215, .77./, 230 i 

Microcndouidac, 202, 770 n., .7 7./ 

Jifirmentyfr, 7.i : eggs «if J/. /tt/uvris, 08 
Mieroeotylinae, 7.i 
Mierodriii, 373, 374 f. 

Microft/mniy 31, 4 7 
Alfcrojto/'n , /7/,s'. 530 ; zooccinm, 023 
Micmporrllu , 510, ,'7/N, 519, 529 ; avi- 
cularia, 484. 185 ; median pore, 501 
Af\CT 08 cnh>.,\ 372. .IS. 2, 383, 384 
MicrmtonWy 44 ; asexual reproduction, 

44 ; Nexual organs, 47 ; Hritisli species, 

40 

Microstomatidae, 4-- 

Alirrvra , 101, 114 ; British species. 111 
Migrations, of Trcuiat.odc-larv;ie-, 5, 52, 

63 f. ; of Ostnde- larvae, 5, 74, 83, 

87 

Millson, on Oligoelmeta, 308, 387 


Millsoniii , 2S2 f. 

Milne -Edwards, on Polyzna, 475 
.Mimicry, in Polyelmela, 293 f. 

Miiiiosr/ftf, , A IS, 532 ; luoveiueiil of 
zonccia. 481 
Molliiseoidea, 475 
Mulo/nty host of t wiiiil i us, 172 
Miiiiliifstrrtiy 100 

Monicz, on ( Vstodes, 81 n„ 85; on Karth- 
worms, 309 

83, 9/; characters of genus, 90; 
M. i t/fniy J/. tn‘tirt/i /i /. J/. i/fnfiro/nto t 
90 ; M. r.r/m iisii, S3, 90 ; .1/. urn until i\ 
At. ohloinfit'rfut, At. Jj/tlH issiian , Aim 
friifniin/i/mrii, 90 
Mn,ti/ii/i/«frr, 359, ./.x‘0, 402 
Mnudigaslridac, 301, 373, .ISO 
.Monkey, parasites of, 145 

Moinirutif/t\ 7.1 

MoiiiN'of ylimie, 7.1 

Mmiogenca (.Monngeiietie Ti'ematodes), 5, 
53 ; elassilii-ation, 73 
Moaoa.’has, I A 4 

Muinnifi/ioriiin tifrhihiiii, AO 

MiiHiifinnt riri/nh'it, 117 
Moiiu/mros ro/imjiaiir/ofasi I reproduc- 
tive organs of, 47 

Muiinst uniat idae, 7.1 

Moiinsto/n Hiii, 71, 7-1 ; life-lii.slury, 72 
Moaosh/hiy 77/7, 220 
Muiiuliilae, At) 

Mo unfits, 30; Hrilish species, AO \ M. 

fnsras, 40 ; haliits, 40 
Moiuizna. 9/ 

Montgomery, on Ktir/msf rattan ri/Jinrt/ii, 
US 

A/oii urn, .7 7 A 

Murreii, mi Earthworm*. 317 

Moseley, on Duid lMaiiariaus, 7, 35 li., 2,7 ; 

oil I'.-ltojunnm rfrs, lol. 114 
Movements, in llntifcr*. ele., 20ij, 235 
Moxnii, mi liutilers, 198 
Miiern, 022, 525 

.l/i/r /v, /„■//,/, A IS, 022. 528, 529, 530, 531 
Midler, F., on Trielad*, 37 ; mi I'olvzua, 
493 

Miiller, O. F., mi Turhelhuia, 0 ; on Uoti- 
lers, 197 ; mi Oli^ueliaeta, 318, 352 
Muller’s larva, 10, 28. 29 
Muscles, of l.i'filnf/hinity 12 ; of intestine 
in Pnlyclads, 24 ; of Nemertinea, 102, 
103 ; of Xeinatoda, 128 of (iurdiidac, 
105 ; nf < ’haclni'initha, 187 ; of Politer*, 
ell'.. 200, 233, 237; of ,\rm\ 247, 
219 f. ; of Polyzou, 469. 470, 472, 499, 
500 — see also Body- wall 
Miiscnlo-glaiidnlar organ, in Trielads, 39, 
40 

Myriaattla, 280. .7 OX ; gem mi purity, 279, 
280 ; markings 293 
Myrin nitrs, 302 
Atytilia, .22 Ay 220 
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Mihrimlu, •i'.j.s* ; tori uncinigcri, 2tiX ; t-yi-s. i 
272 ; otucyst, 270 ; lube, 2X5 ; sup- 
posed mimicry, 29 I 

A/ir-nstnimt, anatomy, -‘M2 f. ; .1/. rirrihru m, 
343 ; M. ;//• thru in, 342 
My/.iistmiiiiri.'V, //, / ; structure ami alliiii- 
ti.-s 312 f. 

My/ostouiatidac, j' 

X.MDn.Mom-irA (■ Naitliilac ami Naiils). 

3.V4 375 r.. , v , :17s, 100 ; ci.ariac. ■ 

350, 3»!7 : reproductive organs, 301 ; I 
asexual rcprniluetiuiu 2-Si, 277 
Xu’s, 3 IS, „77 : eliaetae, 360 

Xif ll llni/ft/t'S, . IS J f. 

Nalatnry eliaetae, of Xctvidae, 277 ; nf ; 

Syllabic, 27X, 307 
Xathiisiiis, ou parasites, 03, 1*»3 
X \ni film ##/#/, 314, . i l- r ‘ 

Xf/m/iti, Hot iters parasitic on, 225 
Xt'i'Jtn'hiifhi, 201 

Xr ctinii'nni n;,i/e t 1 t»-l, 168. /»#.o, 17*3 
Xrniuthclmintlics, 122 f, l t»S 
Xriinittihni/i rin m % -I, 55, 71. #•/ 

Neiiiatmla, anatoiiiy, 121 I.: embry- 
ology, 1 3."i : classification, 130 : life* ' 
history of, 159 f. 

Xcinatogcii, 1*1 ; Secondary Ncinatogcii, 01 
Neiiiatoiuorplia, /.W, 101 f. 

XeinnUri,*, /./.0, 1 12, 101, 103 
Ncniatn/oa, 1.17 

Xnin'i'/rs , British species / HI \ deposition : 

of ova and spermatozoa in, 110 j 

Niiuicrl inea, u Mini ties, 111* ; anatomy, 102 ; I 
I M»dy -wall, 102 : breeding, 110 ; cephalic j 
slits and ci-reliral organs, 107, 273 ; circu- 
latory system, 106, 107 ; -classification, j 
100 f. ; colour, 102 ; contract ilily, 102 ; 1 
development, 112; diagram, 104: . 

• l igest i ve sy st cm, 1 03 : e xerctnry syst eui, 
ION, 108 ; external characters, 101 ; 1 
food, Ilfi ; fresh -water furnis, lUl, 1 1 S ; 
generative orpins, 100 : geographical ! 
distribution, 117 : linliitat, 1 00 ; liahits, j 
111 ; land forms, 101, 117 ; locomotion, 
111. 1 1 r» ; nervous system, 105, 106: 
parasitic forms, 101, 1 ll»; pelagic forms, 
101, 11 1 ; proboscis, K)0, 101 f., 103, 
10-1,110, 1 1 : regeneration, lift ; sense > 
orpins, 101, 1 0*5, J 07 ; si/e, 100 i 

Xi-uh rfni/i'ilns, 300 ! 

>111 j 

rifus, .IS.’, ! 

Neorhyneliidae, IS.’, 

Xi-ui/i ifnr/i ns r/tirtiere/is, 178. I s 1 , IS. ; i 
X. tii, His, IS} 

X.,ilnlis % 392 f., 307, 300, 101, |U3, 10,". 
Ncpliridium, of Archianuclida, 2-12, 21-1 ; 
of Xriris, 253 ; of . I # v -n /#■»/»/, 253, 254 ; ■ 
of 1‘olyi‘liacta, 253 ; dimorphism of, in | 
I’olycliacta. 209 ; thoracic, of Sahclli- j 
formia, 300 ; of Ten- 1 .el lit lac, 327 : of ! 


< 'lilorhaemidae, 33-1; of A/i,zosfn,nn 9 
31-1 ; of Qiigurluictn, 3f»0 f., 3X1 f., 
■100 ; of Leeches, 300 ; of (iephyrea — 
see Brown till*** ; of /’hurt mis, *150 
.Vephtliydidae. MS, S/7 
Xf/i/iflii/x, ;l/7 ; nephridiuiu, 251 ; pro- 
stouiium, 2n0, 200; head, 262; tentacles, 
202; pcristoniiiim,2t>2; parapodiuni.264, 
2* in ; cirrus, 205 ; frill. 2#»S ; jaws, 270 ; 
lialiit.il, 2Sii ; as hait, 207 
\ereiilae, .MS, ,i/.i ; palps. 200 ; colour, 
202 * 
Xcrcidifoniiia, .MS, .Uhl • vascular system, 
2n2 : anal cirri, 259 ; prostomiuni, 259, 
200 ; tentacles, 2*12 ; peristomial cirri, 
203 ; parapodiiim, 20-1 I'.; cirri, 20f» ; 
eliaetae, 206 ; jaws 2*50 ; eyes, 272 ; 
ciliated orpin, 273 ; regeneration in, 
2X3 ; food, 200 ; fossil, 301 f. 
Xrrri/i'jHis, 3 1 7 

Xt'i'ris , 246. 200, 301, .l/ti f. ; anatomy, 

245 f„ 247 f. ; transverse section, 247 ; 
parupodiiim, 210, 247. 20f«, 317; eliaetae, 

246 : bead, 210, 248 , 316 ; alimentary 
canal, 210 f„ 251 ; jaws,' 248 , 250, 270 , 
316 ; nervous system, 254, 2 fifi ; eye, 
255 ; vascular system, 247 , 2f»l ; dorsal 
ciliated orpin, 247 , 251, 256 ; nephri- 
diiim. 253 ; reproduction, 256 ; sexually 
mature* 276 , 270 f.; sexual diiiior]ihisni 
and Hctcroiifid piiase, 270 I*. ; epitokous 
( ■ ■ epipamoiis) and atokoiix phase, 277 
a.; from fresh water, 2X1 ; burrow, 2X0 ; 
pigment, 202 ; as bait, 207 : commen- 
salism, 20X ; as host, 200 ; British 
species, 310 f. 

Xt’i't’i/rs, 302 

Xrrinr, 200, ;J.V ; habitat, 280; .V. 

ruh/nris, bead, 322 
Nerve, plexus of Nemertinea, 103 , 105 
Nervous system, of Lr/ilf/ifum/, 13, 14 : of 
Polyclads, 26, 30 ; of Vhiiuh'in fnrfrn, 
39 ; reduced in parasitic Ithahdncocls, 
■15 ; of Ti'iii utter, i/tti/ii, 54 ; of Poly- 
stomal idae, 50 ; of (.'estodes, 75, 80 ; of 
Xcmcr tinea, 105, 106 ; of Xciuatod:i, 
127 ; of (lonliidae. 100 ; of Acnntho- 
eepluda, 177 ; of I'hactogiiatha. 187 ; of 
llotifera. etc., 215, 231, 237 ; of Arelii- 
amiclida, 2-13, 21-1 ; of Polyeliaeta, 25-1 ; 
visceral, of Polyeliaeta, 255 ; of Oligo- 
ehucta, 353, 37-1 ; of (lephvrua, -110, 
■131, 137, 110, 415 ; of l ‘/warn is, 450 ; 
of Poly/oa, 471 
Xeiiniaun. on parasites, 16-1 
Nciiropodium, 216, 247 , 264 , 265 , 268 
Newton, on zoo-p'op'iipliieal regions, 372 
X it tilrn, S.!S ; gill, 329 
Xieoumehe, ,1.1 / ; tail, 332 : tube, 287 ; 
X. hiiii/irirnlis, colour, 292 ; distribu- 
tion, 299 

Nitselie, on Poly/oa, 475 n„ 478, 500 
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Xihxchm, 56, 7.1 
Norman, 011 Poly zoo, 475 
Xurmfonin, 402 
Xntamia, ol<S\ 526 
Xoteiut, 3Jii 
Xnfhn/cft, J.U, 226 
Xotocuti/h\ 7,/ 

Xnfoiwis/us, ;U l ; cliaetuc, 26 s I 

XottmmJu % 217. ..V.f, 226 ■ 

Notoniuiatiduc, 200, 2<>f», 207, 215, 223, . 

Xofofi/tif/lmn , colour, 203 
Notopodium, 216, 247, 264, 266, 268 

XtiOijis, 200 , 

Xofn/ii/ynx t 250 

Nuchal cirri of Kuuicidac, 3 IS ; Nuchal 
organ — .sec Ciliated pits 

OcxnitniHttu s , .?.s\? 

Ortiihothriuni, 66, 7J 
Ociwintrf ///», 358, JXJ 
Octoci it yl iliac, 7.7 
ih'.fnt i'ih'Ihi, .*.*! 

ih/im /f / /n, reproduction of, 278 ; ;ls 
host, 207 

Orcixtes, 205, 200, / . 

Of /mu if rx, 302 

Oesophageal glands, 271, 358 

Ot/Wih/nxfrt\ 7 J . 

Oku, oil Hirudiuca, 300 f. ; on I’oly/.oa, 
500 

Olfaetorv pits, in Polyclads, 2d : in Triclads, 

36 ' | 

it/iffm'dis, .yj i 

Oligochaela, J}/, 317 I'. ; exlcrnal char- ! 
acters, 318 ; body -wall, 310; chactac, l 
360, 361 : branchiae, 352 ; nervous ! 
system, 353 ; sense-organs, 354 ; •■oeloni 1 
and vascular system, 355 ; excretory 
organs, 356 ; alimentary canal, 358 ; 
reproductive organs, 360 ; habitat, 365 ; 
phosphorescence, 368 ; distribution, 360 ; 1 
v classification, 373 ; 1 tot iters parasitic on, ( 

227 ! 

itIi;/ur/iiJiis, II f, 22 J 

Ofit/ni/HitfJms , 207 j 

iflhJun i/s, t'fj ; if. frini.s/n\ 114, l»il | 
th/nJoxfotiin, .'fll 

OurhitrwiiHi* 422, 423, 4 - (, i '130, 417 
O/icfiocnt ///•% 7.1 
ViH'hnftiintiis, 1 .17 

Onehosphacra -larva of (Vslndes, 87, 88 
Oniiphiu, 200 

On )t/ih is, 290, 318, Jiff ; *K r»/#'7# i y/iy/#f, 

tube, 287 

(Jnyr/mrlntrfit, JJS ; cliacta, 361 
Oni/r, 131 

Ootype, in Pufi/xt mini 111 , 50 
Operculum, of Scrpulidac, 261, 276, 330 ; 
of S/iimr/iix, as brood-pouch, 261, 276 ; ■ 
of Chcilostomata, 466, -477, 481, 482, . 
522, 524 i 


Opesia, 524 

< fjjhc/iti, 200, JJJ : eggs, 275; coclomic 
corpuseles, 252 

Hpheliidac. MS, .1.1 1 ; gill, 265; ciliated 
pits, 272 

1 i J 1 J 1 i ml rwii //.s’, JdS ; n. //r.mnjtiis, parasitic, 

207 

<i/i/in/nfmr/i,i J 319, jjit ; pelagic, 201 ; 

genital organs, 274 
If/iistlnitn nni, 7J 

U/iisfmttti. .Iff 

Orbigny, I>\ on Polyzoa, 510, 520 
Oriticc, «»f zooei'iuiii, 466, 469. 170, 524 ; 
secondary, 622, 524 

Orlcy, on I'lassilicatiou of Nematode.-, 137 
Ollhoiieelidae, 13, 02, 1*1 f. 

Otoeysl. (and Otolith), of Tiirbi-llariu. 26 ; 
of Ncmertitiea, 106, 1 1«» ; of Polvdiacta, 
273 

i tfmnrsnsfmini, 46, 

if/it/i/illlil, Ju 

Oui b ‘iiians, mi Neuiertinea, ins 
Ovary (and Oviduct), of /,#■/ #/«!/#/«/ /n/. 11, 14, 
16 ; of Polyclads, 27 ; of /V nniirin % 38, 
39 ; of Itliabdiii'oeliila, 47 : of Tnmin- 
rrji/in/ii, 64; of I’olystoiiiatidHc, 57 ; of 
/hfi/tf.iH'ii, 60 ; of f ij/rmfiirfiJ ns, 61 ; of 
/fixfnjii mu /tnti'i'iisf mini 1 / 1 , 65 ; of fW/iu- 
ln it hr in hi, 75; of A rrhii/itrs, 76; of 
St'hixtiH'* film/ ns, 86 ; of / 1/iu/hi/ ttro , 95; 
of Myzostmiia, 343 - see also Itcprodue- 
tivc organs 

Ovieell, in Clieilostnmata, 466, 466, 468, 
■181, 182. 484, 522 I., 525; ill Cyelo- 
stomata, 479. 480, 521, 525 
Oviduct ■ see Ovary 

0//V7//#/, 

Ox, parasites of, 79, 83, 125, 130, 1 10, 1 13 
i f.n/smmi, l Jit, 142 

ih' if nr is, 120, 131, 135, IJIK !/,!, 160; o. 
nmfiii/ini. III ; O. nirrii/ii, III, 163; 
it. Jirsi n;/i, 141, 142 ; O. mm in Juris, 
141, 163 ; it. hhJlm\ if. hhJtimht , IK 
It f/J mjl/i J t\ O. inifjtit ifplilmi, it. sjiirn- 
tinrit , 142 

PaDDI.K WIIISM, JU 
Paedogciirsis, 151 
I'ageiisteelicr, on Ncmevtinea, 00 
PtJtrfiHiiiti’fiw, host of X*'dniinini % 174 
l*alaeoiieiiiert' a a, 112; characters. 111; 
development, 113 

Palaeozoic, Scrpulidac, 301 ; Kiiuicidac, 
302 ; Polyzoa, 520 
I'uleae, of N//«7A/ /■///, 267 
l*ahnicfllariii % 527, 528 
VtJuIti nritl is, as food, 207 
Palps, of Xrn’is, 248, 255 ; nerves to, 254 ; 
of Pidychaela, 260 f. ; development of, 
in Sabelliformia, 275 ; of licrmclli- 
formia, 306 ; of Svllitlae, 307 • 

PttluJied/ti, 102, 404, 501, 602, 505, .IIS 
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Pallid icnla, 30, 4$ 

/'an flat/ is, ft /ft 

Puragnaths, 248, 250, 316 j 

Parapodiuui, of Xereis, 246, 247 ; of Poly- I 
cliacta, 264 f. ; ol' llet^ronereid, 276, : 
277; muscles of, 247 : glands of, 210, ; 
314; of Mir-asUnnu, .342 
Paraneisnii, 212, 225. J’.Jtf 
Parasitic, Turbellaria, 51 ; Polyelads, 22 ; 1 
Trirl.'iils, 32 ; Klinhdocochi, 45, 51 ; 
Ncmertinea, 101, 110; Rotifers, 201, 
227 : Polyeliaeta. 207 : lurches, 406 
Parasitism, ell rot on the parasite, 161, 177; : 

elfoets on t lie host, 162 
Parenchyma, in /.•■}>( njrf, inn, H, 12 ; of 
Muller's larva. 29 ; in Trie lads, 4 1 ; in 
Acoehi, 42 ; in t'estodes S5. 86 
Parovaria, of /'hut/oct t/a, 3K n. j 

Parthenogenesis, amongst Uotifers, 200 i 

I’t'rt hut ria , ftftn ; body, 251* ; tube. 285. j 
287 ; J*. tiurivunm , tube, 288 ; 7*. /Wf/nv#, j 
330 ! 

lWtinatr/la, 106. 407, 505, 512, ft/S ; ' 
stab 'blast, 502 

/Vi /a/ ion, 200. 201, 206, 211, 216, ..V,/, . 

224, 225. 22S, 230 
Peilalioniilae. Jftft 
/WWiv, ft 14 

l 'edit'd Hun, 487, 488, 400, 506, 507, ft IS ; 
larva, 510, 513 ) budding, f»L4 ; on 
Polyeliaeta, 200 j 

Pelagic, Xeiiiertiucn, 101, 114 : Cliaefo- i 
giiatha, ISO ; Rot item, 226 : Polyeliaeta. | 
201, 294, 314 ; larvae of Polyeliaeta, . 
300, of Polyzoa, 520 i 

l'r/ut/n/iin, ft /4 1 

/'e/ti'foneiner/rs, 101, III 
Pr/idrra, 120, 131. 133 
Pdni/rifttK, 300, ft/7 
Pi'lis/iftrs, 131 

Penis, of /✓/ ifn/t/athv, 14, 15 ; of PolycluiR 
27 ; of / Vi/ hh riii m 3s, 39 ; of Kim In In- ■ 
me] ida. 47 ; of Teninnerfihn/", 64 ; of i 
t 'if/liufitifhi'iuni, 75 ; of St'/i isfurrji/nt/ ns | 

(cirrus-sac), 86 

Pennant, on II inn linen, 406 n. 
Percynslnwzcwa, on A mein. 1 1 n. 

Pergens, on Polyzoa, 500 , 

/Wirhurtn, 351. 357, 35H, 372, 381, 381 f., 
388, 304, 403 

IVrichnetidne, 357, 362, ftsu 
Perienteric, blood-sinus, 252 
/ Vi -/n // //.»■, ;tS! 

I'm .s.f* w/r i.s7# , i' l . ift. i 
1 Vri-^t iiini 1 , 131. 482. 622, 521 
iViiMnmial (tentacular) cirri, of .Vivn's. 

2 IS ; of Kiiiyeliaeta, 263 ; nerves to, 254 
IVnsiiiuiiiiui, nf A'fivijf, 248 ; of Poly- 
eliaeta, 263 ; of Saliellidae, 336 
Perrier, on Oliguehaetn, 367, 3S5 
i a rto/»shiMit, 122, 4 in, 430. 117 

J'etnjmjni/iT, host ol' ilnn/ius, 1 73 


/ V/te, intestine, of, 271 
Phtitfnrttfa , 31, 32 
Phalurmjihnrus, 814 
Phaucrocepliala, ftftS, 80ft 
Pharynx, 4 : of Lrptv/tfana, 8 , 9, 12, 14 ; 
of PolydadK, 17, 24 ; of Itisriuvlis, 28 : 
development of, in Polyehuls, 29, 30 ; of 
Triclads, 31, 37, 39 ; of Tnnnucephala, 
53, 54 ; of Pnlystomatidae, 56 ; of 
Rigenea, 62, 64; of Xerris, 249, 250, 
251 ; of Polyeliaeta, 269 c 

/'hust'a/itni, 423, 4~ ft* 428 
l'husroftMinna, 416, 420, 423, 42ft t 428, 
417; ns lmsl of Lo.rns"nn /, 489 
Philippi, on llirmlinea, 406 
/'/ii/nr/ina, 208, JJ.l, 227 
Pliilodiuidae, ftftft 

I 'hurt m is, 450 f., 461. 452, 453, 455; 
habits. 451 ; anatomy, 453 f„ 457 ; 
development, 458, 458 ; species, 460 ; 
alliuities, 461, 512 

Phosphorescence (and light ■ producing 
organs), in Rotifers, 226 ; in Poly- 
elmctiu 272, 295, 296 ; in Oligochne-tn, 
368 ; in Polyzoa, 478 
I'hntmi I'll US, 368, pV.S'.j 
Plmtogen (light - producing organ), of 
I'uti/nphthahnus , 272 ; or Toinnjitr.ris, 
296, 315 

l'hmdrilvs, .369, 870 
/*h mirt/rtrs, 367, 877 
Plircoryctidnc, 878 
I'hyloctclla, 528, 530 

Phyhictolnemata, 478* 493 f., ft IS ; loplio- 
phore. 476, 495 ; occurrence, 493 ; 
liioveineiits. 494, 496 f. ; reproduetioii, 
501, 506, 507 ; larva, 511, 512 ; distri- 
bution. 193, 504 ; alliuities, 512 
Phyllaeaiithiiiae, 01 
I’hylloliothriuiic, 01 
I'll f/Nnimthri um , 76 n., 0/ 

/'h 78 

/'hiillm/ ft /ft, 314; head, 262. 263; 
eggs, 275, 314 li. ; colours, 291, 292; 
parapodiuni, 264 : eliaeta, 267 • 
Phyllodocldne. ftftS, 81 ft ; parnpndial cirri, 
266 ; ns food, 297 ; eggs, 314 ; colours, 
292, 293 

I'hjtlltHltici/es, 302 
Phifl/nitrl/a, 7ft 

I'h yuinsniiid, 413, 420, 421, 423 f. t 4~8* 
426 

Ph tfsa/np/rra, 1 63 

Pig, parasites of. 68, 79, 83, 139, 147, 184 
Pigments, of Pulychuctn, 291 f.; of (Jephy- 
n*a. 435 

Pike, Trcniatode of, 62 ; C'cst-ode of, 81, 84 
Pilidiiim larva, 113, 113, 229, 230 

I'i nuns if His, 8Uft 

/'isriro/n, 393, 40G 

/*is/a, ,7.7, S’ ; gill of, 329 

Pits, ciliated, of Polychaetu, 272, 273 
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Pfun.islegux, colour, 292 ; from deep sea, 1 
300 I 

Plucundla, 73 i 

Phujiw‘hw.ta, 358, 381, 3S.j i 

P/ai/imitimut, 46 ; Hritisli species, fU). 
Plagioatoiuatidac, 30 j 

P/amiria, 30, 31 f., 39 ; British species, jfj 1 
Plauariuiis, 3, 7 ; ]Juio/ilii/us t compared ! 

with, 242, 2-13 

Planar i id uc, 43 

MaiutyijilttHU, JO 1 

Plankton, Rotifers In, 225 
/Vrt/mirw, 18 , JO, 20 
Phinocuridne, JO, 23 

Pfttnurtnn, host of (inn fins, 173 ; 

Plants, parasites on, 154, 155, 157, 160 
Plasmodium, nature of, in Ort liouce t ids, SM : 
Plate, oil Rotifers, 103, 225 n. 

Pfufi/nx/iix, 73 
Pfatf/m/i/fi 1 , 73 

Plntvheliniiitlitts, 3 1'.; Nemcrtiiiea classed 
with, HU 
l*leettntiioihih‘, 73 
J'ln'ius, 100 

33/ 

Plcroccreoid larva, 81 
Plcssis, dn, oil TrfruxtriiiHm/i/t'iis/fl', 101 n., 
118 

1'lcnrocnttfle, 73 
J>te.uro/rur/,«, 33.}, 220 
Pforstunii, 212, 3. *3 

Ploiina, 202, 2o3, 212, 213. 210. 330, 333, 
220, 227 | 

Phnmth'tht, 493, 494 . 499 . 503-505, 3 IS, j 
519; protrusion of pi»lypid«*s, 499; 1 
statohlnsts. 499 . 502, 003 : larva, 512 
Podal iijcn i bra ne, of Spimiidne, 322 j 

Podaxonia. 401 
J’nlj/nrt/mt, 201, 33.}, 220 
Polvhostrichus, 280 
J’u/fW/is, 30, 31 . 40, 43 
Polvchaeta, 33/ /, 245 f. ; classilication, 
257, 258, 303 f, ; head, 248 , 259 f. ; 
parnpndiiiiii, 240. 264 f. ; chaetac, 246 , 
260 f. ; coe.Iomie. llnid, 252 ; nervous 
system. 251 ; sense-organs, 200 , 272 ; 
ciliated piN, 272 : alimentary canal, 
with pharynx. 249. 200 , 201 . 209, 270 , 
271 ; < (esophageal glands, 271 f. : 
nephridinm, 203 , 204 . 209, 274 ; geni- 
tal duct. 254, 209 ; genital cells 250, 
273 f. ; hcrmaphmilite, 273 ; regenera- 
tion, 278* 282 ; habits, 285 ; carnivor- 
ous, 304 ; distrihntion, 299 : fniin fresh 
water, 284 ; from deep sea, 300 : pelagie, 
291,314 ; boring. 287 ; tubes, 287 ; pig- 
ments, 291 ; colours, 291 f. : warning 
colours, 294 ; protective devices and 
mimicry, 293 : phosphorescent, 295 ; 
food of, 296, 299 ; as bait, 296, 297 ; 
as food for man, 297 ; commensal ism, 
297 f. ; parasitic, 297 f. ; as hosts, 299 ; 


extinct, 301, 302 ; larva. 274, 270 , 300; 
provisional cliaetac, 274 
Piili/c/im-ntx, 4*3 ; development of, 4 1 u. 
Pnfyrirrux, 330 ; habits of, 285 ; J'.tiio'tmfi- 
iichs, warning colours, 294 : plm.phor- 
cscenee, 295 ; P. /ntcMittin/fs, coelomic 
corpuscles. 253 

Polychuliila (Pnlychids), -1 f.. 7 ; classilica- 
tion, 16 f. ; development, 2* f. ; Hritisli 
species, 19, 20, 22 
Pn/i/r/infux , , 12 
Pill l/l’nf i/fi\ 7,# 

Pufi/ifuni ( I,rvrnthin ‘ ), 333 ; frontal 

ridge, 260 ; head. 261 ; special chart ac, 
267 ; with J/ffinJiiii’il, 298 ; /•, ri/infil t 
liorings, 287 
Polydoridac, 258, 333 
Pn/i/i/nii/inx, 242, 21-1 ; development. 215 
1*nl i/ tint lit, 328 

.Polymorphism, of Xrms, 277 
Polymyiirii. 112 

Ptififhiir 3fo ; segments, 258 ; para podium, 
260 : jaws, 270 ; amis, 259 ; iiephridium, 
251 ; habits, 286 ; as ccln]»arasitrs or 
commensals. 294, 298. 325 ; distribution, 
299, 300 ; Hritisli species, 299, 310 f.; P. 
xi/ mi mt if a, 309 : elytron, 310 ; /*. r/oiv, 
elytron, 310 ; P. iiuhnnifu . elytron. 311 
Polyiioinn ( — - Pnl> imids), 300 ; head. 262 ; 
ehaetae. 266. 267 ; jaw, 270 : intestine, 
271 ; eggs, 275 ; sexual dimorphism, 
276 n. ; 1u lies, 285 ; co hmrs, 291, 292 ; 
protective resemblance. 291 ; phosplior- 
eseenee, 295, 296 ; 5 mil. 296 ; parasitic 
and eomiiieiisa], 297, 325; elytra. 275, 
294, 295, 299, 309 f. 

Put yin fnilfi'x, ,//. i ||. 

Puf t/n/ifi f fnif hi ns . 333 ; segmental eyes, 
272, 296 ; ntoeyst, 273 
Polype a paniiaehe. 496 
Polypide, 468, 469 , 474, 488, 523 ; ivtrae- 
t ion and protrusion. 498 f. 

Polypide-bud. 468 . 472 . 487 . 196. 499 , 
5(> I, 510 ; connected with reproduction, 
507 

Pnfi/lHixtiii , 10 : penes, 27 
Polys! oiiintiduc, 33, 55, 73 
Polystoiiiatiuae, 7 3 

PtJi/xf»iiiiiHi , 55. 07 ; lile-liistory, 58, 09 
Poly/oa, 465 f., 475 : external characters, 
465 f., 479 f. ; anatomy, 468 I 1 .. 469 ; 
brown 1 Killies, 471 f., 472 : history, 
171 f. : eliissilieatiini, 475 f.. 515. 517 f. ; 
oeciirrenee, 477 f. : avieiilaria and vihra- 
cula, 482: enemies, 486: Kntnproclu, 
487 ; fresh water, 492 f. : reproduction, 
501, 506 : development, 509 ; allinities, 
461, 509, 510; metamorphosis, 512; 
budding, 514 ; distribution, 493, 50-1, 
519; palaeontology, 520: terminology^ 
523 ; determination of British genera, 
505, 521, 525 
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J'oHiitftHvms, liahitnt, .‘UHl. .l/ f i) 

Puniph.nl //.#*, 201, 203, J'iil 
p.nitnhilrllo, :{<•:{, .|01, -101, 406 
Pun/tithirn, .//.f 
Pnnl.nl rif us, .‘{70, .is.i 

/*iui/"srn/t\r, 350, 1506, .IS7 f. : eliueta. 

351 

I’ore, in Polvzoa, 471. 482. 522. 524 ; 

lnriliaii, 484. '>2-1 ; ilnrsal, .‘its 
fur,//", 516. .7 IS, 522, 527, 529 
Pnrinu, 527. 520 
Pulnmillu, .us 

IVaeoral lobe ( : IVosUmiiiuu), 215, 139 
Predaceous worms, .‘KM 

Jfl.i, 446 ; anatomy, 430 ; ! 
rl.'issitii'ation, 4:12 ; haliits, 433 j 

Prinpu/us, 4 .‘{0, 431, J^S:J ; anatomy. 420 f. ; 
Pristiun, .177 

Pmntns, 204, 223 n. f .id.), 220, 227 j 

Pi'ribnsridue, 4' 1 • oeruiTener, 44 
I Volin'S! 'is, ii|‘ .Win <■ it i lira. 100, 101 f„ H»3 ! 
f. ; of lloploiiemerten, 101, 110 ; open- 
ing liy moiitli, 117. 110; severanee of, . 
110 ; of Arailtliocr|i|iala, 171 I.: of . 
Rotifers, 203 ; of Kiiiorhynrlia, 237 ; 
of Ki'liinmiilca, 434 ! 

Priihnsi-is-pore of Xemertiuen. 102 , 103 j 

IVolmsi'is-slii'iitli of Xcniertiuea, 103, 103 f. 

/Voi Yi’llil.'S, Jf i 
Proi'erndidae, /fj 
/V'ih'i'i'i/n, In ist of (lord ins, 172 
Pn irnfi/tru. 36. 4' 

Prnglnttis, 5, 74, 75. 79. 85 
/' riiHh'xwifiu/iit , neeiirrenee, I I ; Jtritisli 
species, Jfl) 
lVnpnriduc, 4'.i 

/Vo/IO/V/.V lYllt'lWSlIS, ,'fH 

Pmrliy nebulae, 

PrurJn/nrh us splii/mrrji/ntlus , , t errest rial 
lialiit, 44 ; /*. stuff nut is, JU 
Prnsnrhnr/iiii us r/u/iuiYilii, lit), 114, 117 
Prostate - gland, of l.rptnpluuu, 10; uT 
IN dyel ads, 30 ; of pin an tin, 39 ; of j 
Rhahdoeoeln, 47 : of Oligoclineta, .'{til j 
Prnsfhrirruriis, J!), 22 ; spermntnpluircs, 

27 

I Vi »st Iii* ist i mint idao, 19 
Pmsth iustum mn, 17, 18, 19, 21 
IVnstnmial tentacles, 2 IS. 202 
LVostomium, 241 ; of biiinphi/us, 213 : of 
Puli/tfun/ins, 244 ; of Trocliosplieiv. 245 ; j 
of Xrrris , 248 ; of Polyrlinet.'i, 259 ; of . 
<!lyeeridae, 320; of Terehellidae, 327 ; 
of Oligoebaeta, 3 IS 
Prut ml til ns, 242, 244 
IVotoiii'iiicrtiiii. Hi 

Pmtii/n, .{/ft \ genital organs, 273, 274 ; 
i-lT'/s 275 

IVoiilm, on Polyzoa, 4S9, 507 f. J 

IVovisional rliartar, 274 | 

% Prnrurtr.r, llritisli species, m r ,0 
Prnsrm-trs, 1 1 ; lViti-.li species, /ft) 1 


Pruvot, on Pnlychnetn, 261 
Psnuiutlir, HUOl SOS 
Psniiiuinli/rr, .ltd ; elytra, 294, 313 
Pst' mini ins, 135, IJJ, lti3 
Pstunlu.rinr, 7.1 
Pseudoeeridne, It), 20 
Psrinlnrrrns, It), 20 
Pst'inlnrutiflr, 73 
Psruilur/ii/iirh ns hifiilns , /ft) 

Psyijninln'ii hi’Ii us, ,{/f / 

Pterobrnueliia. 461 

/Vi'/i *#////#/, 200, 201, 203, 206, 21 1, 215, 
216, -.is 7. 221!, 230 
Ptei'mliuidue, 201, > 

P/rrtu'ssn, iJ/f 

P/mnirllii , 7.1 

pfrrnst ii'h ns nhjr,\ , infested l»y Hurtling, 
170,170.172 

ptrrnsi/flis, ciliated lappets, 273 n. 
Pyriform organ, 509, 511 

(jt T ATHKF.\0K9, on (Scpbyrea, -111, 445 

Haiiiiit, parasites of, 141, 115 
Ragwnnu, 322 
Rnilliet, /ill < Vstodes, 91 
Rami, in Kotifers, 210 
Rasping jilate, of Knnieiilae, 270 
Ruttulidae, 210, JJ/i 
lint lulus, 212, ,V.'7, 226 
Rutzel, on Kart li worms, 350 
lied rat, 316 

Regeneration of lost parts, in Polyr-lads, 
26 ; in Triclnds, -10 ; in < 'estodes, 77 ; 
in Neinei'tinea, 115 ; in Polyrhiieta, 
278. 282 ; in Oligocliaeta, 348, 379 ; in 
I'olyzoa, 171. 4 88 
Ue])etition of parls, 249 
Replacement- of species, 300 
Reproduction (and Reproduetive organs), of 
h’ji/nji/itun, 14 I'.; of Polyeluds, 2ti, 30; 
of Trieladx, 31, 38, 39 ; of R halts loeoe- 
lida, 45, 47 f. ; of Tnn non' film In, 54 ; of 
I’olystnmutidae, 57 f. : of bipluLnnn, 
60 ; of Digeiiea, 65 ; ol' PuHUJnithriuiu % 
75 ; of Sc/i isfnrrplinf ns, 86 : of Mesozoa, 
93 f. ; of XcnicrriucM, 102. 103, 104. 
109; of Xciuatoda, 134; of Xeinatn- 
morplia, 16t>, 169; of Ai'aullioec.phalu. 
178; of rluu'tognatlui, 188; of Koti- 
fera, etc., 216, 234, 238 ; of Arcliiaiinc- 
lidiL, 243 f. ; of Polycliacta, 253, 254, 
256, 269, 273 ; of Mi/'.iisfnnni, 343 ; of 
Oligocliaota, 3tS0 ; of Lecclies, 401 ; of 
(Jephyroa, 418, 431, 137 : of Plrnnniis , 
457 ; of I'olyzoa, 471, 490, 501, 506 — 
see also Ovary ami Asexual reproduction 
Reptiles, parasites of, 163 
Respiration, in Xrrris, 252 ; in Chaetopodu, 
272 ; in Mepliyrcu, 416 
Ret r porn , 479, 515, o IS, 527 
Rlinlslitcs (rods), of Lrjilnpluitu, 11. 12 ; ill 
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Poly rlmls, 29 ; in Triclails. 37 : absent 
in paras i lit; Khuhdocnclu. 4:1 ; in Trmnn- 
rr filial u, 53, 64 
RIiii.1 h lit i tViriuac, f.!7 

/thahilitfs, M.f, 100 : It. nitfnirrnnsn, MO, 

A*7.7 

HI i slI > il< u'o^l i«l si, ■!, 7 V , 30, 1*2 f. ; occurrence 
iiml habits, 43; parasitic forms, -It; 
reproduction, 17; classification, JU ; 
British s peril's, 43, II, -I!) 

/Hut fids fusin', 1 58 

Him Infant' mu iiii/mrnnisuM , 1 3 I, 130, l.fO, 
15 l, 160, 161 

It/ia/n/iif ill'll I’ll, -101 f, 

lihinislrilns, IMS 
Hiiiiif »i>i«lsi«>. JJO ii.. J*.f 
Ithimifis, J.J.f ; male of, 2*20 n. 

Hhizopodn, us food for I'olyehaeta, 200 
Rhizota, JJtt ii. 

Rhomho^cii (form of hieycinid), 93 
/{/m/iti/niniriu, 521 n. 

Il/in/Ht/tt/t/tnrus, ?•! 

liliofHilum t/ian/ii, iH'i'iirivnee ami st rue- 
lure, 01, 96 ; /•*. infashii, 01 
llliifnr/ir/niis , 365, .77 A’ 

KllVIielioliilellae, 300 f.. .ft 1.1 
R-hynchodcmidac. 35, f* 
ll/iiliir/mifrni us, 34, 35, .f - 
Ithf/m hn/Hint, 531 
fi/i i/nr/m:.i uni, 520 n., 531 
II ie lies, on Hrilish Neinerliiiea, 110; mi 
Mn/.irM.H./, HO 
Kiel sell, on ( opliyrea, 110 
Rock worm. 010 
Rods see- Rhahditcs 

Rollde. on liliiseles of Neliiatod.'l. 1 28 f. 
Hoot let, in I'oly/oa, 485. 617 
Rosa, on Oli^oeliaetii. 301, 380, 385, 300 
Rosette-jilales, 471, 522 
/fi.///Jr, 201 , 202, 210, 210 , 220 . 

227 

Kolifera, 107 f. ; •lislrilintimi, 200 ; para- 
sitic, 20-t ; digest i v«* organs , 200 : ri*nal 
organs, 213 ; nervous >\ stem ami sense 
organs, 21:1 : reproduction and develop- 
ment, 210 ; classilicntion. 220 ; liahits 
220 ; preservation, 228 ; atlinities, 220 
Rousselet, oil Rotifers, 108, 210, 228 

SAItKl.L. I, 200, £77: purapodium. 266; 
habitat, 280 ; tithe, 2S7 ; tiihe-buildiii''. 
238 ; enloiir, 203, 201; X susimru, 
liahits of, 28 7 

Su fall aria, .*'.)/ ; hotly, 2f»0 ; cirri, 20.1 ; 
tube, 287, 2i>0 ; X u/rm/ntu, 269, 300 ; 
X 8/ tin ulusa. paleae, 267, 300 
Sahelliilae, A#X .Ml ; hea«l, 261 ; cliaetac, 
266,267; iv^eiieratimi, 2S3 ; from fresh 
water, 28-1 ; colour, 202 
Sulwlliforniia, MS, J0H, 330 ; clilomcninrin 
in, 2f»2; hmly, 259; lieiwl, 200, 201; 
uncini, 260, 267 ; uephridiu, 200, 300 ; 


\ Kc.nitul organs, 273 ; development- of 
j Kills, 275 ; gland shields, 287 
Surruln/rHu, j.v; 

Sum air in's, 275, 270, 280 
Surrusinuit' 431, 440, .f.f. 1 

Srtififr/ht , ,IJI 

j Stn/iHa t I Si l, 186, 191, 534; anatomy, ISO 
{ f., 188; ilevelupnieiit, 180: liahits, 10o ; 

! speries, 101.103; Allierieail speeies. 53 I 
Salensky, on development of Xemcrtiucu, 
00 ; of Rotifers, 213 
X»/i ##»■//«#, 03, !U» 

Salivary glands, in Pnhclads, H), 21 : in 
Leer lies, 300 

Sir I marina, 273, .IJI ; brood - poiieh, 270 ; 

fission, 281 
Sul fiim/, 200, . J .V7 
Salpiaidae, JM 
Saiidiuason, 328 

X#.i*#fv/#v/, Eulalia in borings «if, 31 1 
Seales, of t hist rot rieha, 233 
Xv#/ ihrrtjMi /. . 1. ! f 
Seal ihi'e^mii hie. MS, >'.f 
Srnplia, 250, 330 
Sra riti i n in, 201, 207, JM 
S'histiH-r filial ns, 75, .7/ ; reprodiiel ive 

organs, 86; larva, 84; lilc-liistory, 7X s.l 
X7#/”»iivir## f : M 

Scliizogaiii y, in Syllable. 27-8, 279, 28 1 
S'lii/.oiieinertea, lull ; eharaeters. 111 ; do- 
i velopineiit, 113; I ransverse wet imi, 103 
SrhiLnfs.rrll,/, MS, 527, 528, 520. 5:511, 531 ; 

I zooeeiuui ami avieularia, 482 ; /.rfito- 

\ fifunu on, 22 

| St'h i\t ‘Hum, |vj, '7 IS, 520 
! Sell man la, mi Oli^oehaeia. 300. 387 
; Sell mi« It , on Rhahdoeoels, ii 
■ Selineider. mi life -hi. story of certain .lAwi- 
slni/iu, 1 8 ; mi classification of Xcuiatoda, 
120 ; on oesophageal glands, l.'il ; mi 
Stroiigylidnc, 142 

Sehull/e, on I'olyelads, 13, 20 ; mi Nemer- 
tilieiu 108, Hlb 
Si'h u/l m .iti, HU 

i Sehul/.i.*, V. K„ Slirhns/nnmu found by, 
118; Ti'ir/iofifn.r found by, 00 
Seirtopodu, 200, 201, 203, 200, 207, 111 
Srlrrm'liri/ns, .{.If 
St'lrrosltiniiiiii , 1 03 

Senleeifiinuia. 258. .to. 7, .lit f. ; vascular 
system. 252 ; buccal region, 2*»0 ; food 

oV, 200 

Si'iJmili ftis, 200, .! J J 

Seolex, 5, 71, 76 I'., 80 ; S. fin/ifnmrfi/uts , 

! 77 ; of Turn in sufin/n , 79 

j Srtifif/nis , 302 

j Sritfo/ifmt, , 200, ; parapoilium, 266 ; 

habitat. 280 
i Sr n/f ittriii, 527 

j Srruftitrrlliirin, 617. -7 /.S’, 510, 520; vibra- 
« eula, 477, 485, 517 ; phnsphoiv-seenei? 
! 478 ; larva, 511 
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Scut 11111 , 525 

Seals, parasites of, 1 42, 183 
Sni- unit, 406, 477 
Sea -mouse, 312 
Secondary orilie.e, 522 , . r i2l 
Sedent aria, 28a 

Segment. 241 ; of AV#v:/.s. 210, 247 

X'/Vl/i, „*J(j 

Scisoiiui'euo, 204, 216, 220 u. f 227 
Seisonidac, ;/.v; 

Sir n aria, 3/3 ; vihranila, 4s7 
Seleiika, 011 Siiuiiieulids. 424 11 ., 447 
Self-fertilisation, ill certain Mrsnstiuna, 48 ; 

in Tivuiatodes, fi2. 58 ; in (.Yslodes, 86 
Semper, oil excretory system of Xeiuer- 
tinea, 10.8 ; on lirnariurr/rx palnenxix, 
101 11 ., 117 : on mimicry in Polvchaeta, 
204 

Sense-organs, of Lrp/np/ana, 13; of l*oly- 
elnds, 26 ; of Triclads, 36 : of Treiua- 
toiles, fid, 86 ; of Ceslndcs, 86 ; of 
Xeinertinea, .106 ; of Xcmatndu, 128 : 
of litutfiitM, 166 : of Aeauthorcphahi, 
178 ; ofCharlopuutha, 188 ; of llotifcra. 
dc., 21 5, 233, 234 ; of Polychaeta, 255, 
272 ; of Olipoi-hacta, 3a 1 ; of Leeches, 
895; of (Jeplmvu, 417; of lOmrams, 

4f»7 

Septum, of Archiannelida, 244 ; of Xenix, 
249, 251 ; of Polychaeta, 269 ; of Cliloi— 
haem idne. 334 ; of Oligorhacta, 355 ; of 
(o.'phvri'a, 440 

Srrpntn, 300, 330, 340 ; fossil, 301 ; 1n1.es, 
290. 301 ; commensal wit li I’nlvnoid, 
298 ; colour, 292 

Serpiilidnc, 333, 330 ; nerve cords, 255 : 
pills, 261 ; o]»erculiiin. 264 ; cirri, 26a ; 
thoracic liieiulirane, 266 ; miciuiis, 267 ; 
li.ssion, 281 ; tuhe, 290 ; colour, 292, 
21*3 ; from great deptli, 300 ; fossil, 301 
Serpulite chalk, .‘101 

Seta, of vihra'-ulum, 484 , 48a, 486 , 517 , 

r.24 

S/nsrf/ti, f»30 

Sharks, Tremalodes of, 62, 72 ; l 'erodes 
of, 78 

Sheep, parasites of, 67, 8], 82, 83 
Sheldon, Miss, on Xeinertinea, 99 f. 
Shell-plaud, of Lrptup/ana. 8 , 9, 14 , 16 ; 
of I'olychid.*, 28 ; of Treiiiat rules, f»9 ; 
of Cost odes, 86 

Shield, eu lieu la r, of INdychaeta, 259 ; of 
Shrnaxpix t 33a; glandular-- see (ilaud 
shields. 

Sliipley, on Jlipa/inm, 37 : « >11 Xeiiin- 
tSielmintlies, 123 f. ; 011 < 'haetopnatha, 
186 f., 531; on (frfihi/wt, 411 f. ; mi 
l t h"ftwis. 450 f. 

Siolis l iifort'i, host of finrt1ias 9 171, 172: 

li'ist of Aeanthocephala, 185 
*Siile rn-paus, nf Carimdlidnc, 107 
Siehold, von, on Tape-worms, 76 


Si;/a/iaa 9 313 

■ Siilimiiu, on Nemertinea, 101, 109 118 
Silurian, Polychaeta, 301 
Sinus, in Tnlyzoa, 482 , 484 , .625 
Siphon, of ('upitelliformia, 272, 30a ; of 
(■epliyreib 436 
Si/i/innn;faxtrr 9 353, 368 
Sip/iaitas/wna % 33J ; commensal, 298 
Sipiinculoidea, // 420, 446 ; species, 

426 

Sipanrahn r, J^33 ; history, 411 ; raecics, 
426: anatomy, 412 f.‘, 413 . 418 *; «le- 
' velopineiit, 1 19, 419 ; food, 422 ; habits, 
426 

Size, of Cestodes, a ; of l’nlyehuls, 20 ; of 
Laud I ’lunarians, 33 ; of Cestodes, 75 J of 
Nemertiiiea, 100 
S/a #7 'nit, 377 

Sluiter, on (Sepliyrea, 429, 447 
Siuitt-, on I'olyzoa, 516 
Sin if fin, 31* V, 527, 529 ; /.ooeeiiiin and 
aviculariuiu, 482 
Snakes, parasites of, 142 
1 Soleuopharynpidae, JO 
Si/rnvji/ia # 7 / //.#■, 30 
; Soleliophoriliae, .0/ 

Sn/rno/i/iurax, 0 / 

Snrarr/ ix 9 //J 

S/xn/e/fu, ISO, 189, 192 : anatomy, 186 f. ; 
epps, 189 : habits, 190 ; species, 192, 
194 ; American species, 531 

* Spallanzani, on Ulipoehaeta, 318 

j S/Htrt/inm/ifi i/ax, 366, 33*1 ; anatomy, 355 
j S/HtfiniifHs , as host, 298 
I Spencer, on Laud- I’hmariaiix, 31; 011 
j earthworms, 349, 380 
| Spenpel. on < Jcphyrea, 440 
j Sj.ennatlieca. of J)iimp/ii/ax 9 243 ; of Oli- 
I poehaeta. 362, 363, 364 
; Sprrmatophorcs, 27. 402 
, Spermiiliieal plaud, 361 
i Sphacrodoridue, 330 
Spharrix/ura/ii, 331 
Sp/airraxif//ix 9 JUS 
Spharrvlaria 9 130 , 153. 160, 161 
. Sp/ 11 /rannra , 7.7; setae in, 50 
; Spine, of Polvzoa, 481. 523 f., 524 
i Spiathrr, 313 
! Spin, 3 JJ 

■ Spimiidne, 333, 3?/ : larva, 274, 276 
j Kpimiiformia. 333, 3o.[ }, 9,21 ; j.eristomial 

• cirri, 263 ; pill, 265; rliaetne, 266, 267 ; 

; eyes, 272 ; food, 296 

I Spirograph in, 290 

! Spi r<njra)ih is, 333 : substance of tube, 290 
i Spiruptrrn , U/7. 163; S, rrtiralata , 149; 

S. nhfusa, 161 ; S, ala/a , 103 
| Spirnrhix, 3£0, 341 ; operculum, 261, 341 ; 
j pcuital organs, 273, 274 ; brood-pouch, 
i 261, 276 ; fossil, 301 ; shell, 341 
! Spirnsperwa % 373 ; cliuctu, 360 
Spirulaea 9 801 
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Sporoeysls, 92 ; of bistmu nm nnirrusl tnmnn % „ 
64, 65 ; of J). hnmtiruin, i»7 : hosts of, 

71 

Sluggers, imliicGil hy Cunt urns, 82 
Slatol ilast, 493, 499 , 50 1 I'., 500 ; sessile, 
502 : germination, 501, 508, 511 ; re- 
semblance to i*]ilii|»}»ia.ii ova, -108 
Steen str up, on Tape- worms, 70 
Met/a no) wrc? ft/, 530 
Stelediopoda, ‘ill 
X 'tvlvetopus, .ijj 

Steiinstninn, *14, J}H ; asexual reproduc- 
tion, 44 

Stvp/tanovvnis, 202 , 205, 210 , 213, 220 , I'll ; 
Stvplutnops, .2.2,7 ; 

Stnr.t/fttH, ,i?fj 

Rteriinspidae, .2- - 7.s\ ;?./.> ; nephridia of, 805 
Sternaspis, ,7. AT, 111. 4 15 ; anatomy, 330, 
330; shape, 259; shield, 259; head, 201 ; 
cluidae, 205 ; gills, 20.8 ; intestine, 271 ; 
compared with I lephyrea, 030, 117, 
■119 

St/iv nvld is, 299, 300. 8n9. .?/.? . 

Stirhustantnu rilliunlii, 118 • 

Slit wilt, HI : generic diaraders, 90 ; XL 
veutripiuirtnlu, 91 ; X. i/lnliipniirtulii, 91 
Stork, asexual, of Autnly/us, 279; of .l/.v- 
riuniild, 28 1 

Stole, oil Oligoehaeta, 30«> 

Stolon, 480, 488, 51S, 525 
Stolonatii, 518 li. 

Shmint 'n-puni, .3 /.S’, 532 
Stork, parasites of, 03, 1 •»-* 

Strohiln, 75 , 70 
Strohilul ion, 70 

Stroiltinann, on Chadognalha, 191 
Stromatoporoiils, 529 
Stron gyliilar, 131, fjJ 
Slrotiyylus, 129, lj I, 113, 100, 103; S. = 
Jitdi'id , 132 : S. tvt rant n tints, 103 j 

Stuhlinann, on PoIy7.ua, 193 I 

Sf.ulihiHiHtiiti, 359, 380 | 

Sfylaria, 348, X?7 

Stylets of Xemertine ]>rol niseis, 101, 110 | 

Stylur.h optima, 18, IH, 20 | 

StyMms, Jit ; development, 28 ! 

Sti/tostom urn, UK 22 j 

Suli-cutiele, 125, 175 

Suhjnallcatc, 210, 211 i 

Succitiea jmtris, infested hy larvae of ! 

bisfom unt mavrostoiintni , 04, 66 
Sucker, of L* 1 } itnphnia, 8,- 10 n. ; of Tri- I 
clads, 35, 36 ; of Tciuuovvjihuta, 53, 54 ; ■ 
of Alonngenen, 53, 58 , 57 , 60 ; of * 
Digenea, 62 , 64 , 65 , 69 ; of (Vstodes, 
76 , 79 ; of bimphihts , 243 ; of rltav/o - 
pterus, 324 ; of Afyznstmnu, 342 ; of 
larva of Polyzon, 609 , 511 ■ 

Summer-eggs, of Jlcsustoma, 18 ; of Roti- 
fera, 210 
Sutroa, 376, 380 
Swim-bladder, of Syllidae, 272 


Swimming, of Lrpfnplunii, 9, 10 ; of Poly- 
flails, 23; of Rotifers, etc., 200, 235 
Syllidae, 258, ;intS ; palps, 200 ; Icnlndi’*, 
202 ; head. 262 ; parapodium, 264 ; jaw, 
270, 271 ; ill i ineiil ary tract, 271 ; swim- 
hladdei 1 , 272; asexual re]iroduetioii, 
278 f. t 279 ; regeneration, 278, 283 ; 
eoloiirs, 293 ; phiisphoreseeiiee, lOO ; au- 
eestral, 303 

Syffis , 274, r.V/,' ; development, 27- s : S. 
arm ilia ris , 307 ; X ramosu, 282 ; X. 
riri/Hirn, 270 

Synuptn , hearing Rotifers, 222, 227 
Synrharta . 200, 204 f., .'/.j, 220 
Syiii’haetidue, J M, J."/ 

St/iU'orliiliitih , 33, //.J 
Syiieylinni, 125 

Sy lit fu m tts f firrltrtf/is, 130, 144, 111 I, 

103, 104 
S ?i riits, 411 

riK.v/.i, 74, 78. 79, Hi ; lifc-li istmies of 

speeie.s of, 83 ; table of speeirs, 89 ; 
T. ( # 'ys/irrrnis) iii'ii n l/i nl rins, SO; 7\ 
rwnurns, 81, 82; life- history, 83; 
speeilic eliameters, 9*1 ; T. rrussini/lis , 
life- history, 78, S3; speejlie eharnders, 
89 ; T. rr/iiunriH-riis, SO ; life-history. 
83; speeilie eliameters, 90; 7'. t'ralifiri, 
81 ; T. mu rt/i imfti, 81 ; life- history, 83 ; 
speeilic elm raiders, 90 ; T. i/lytiininlrpis) 
iiHiriiiu , 70, SO n., 89 ; life-history, 80, 
83 ; speeilie eharactei’s, 91 ; T. pn- 
J’i>l iii/n , 103 ; 7’. siiifiinifu ( - T. mill in - 
' rii ii./ln In), 78, 79 ; life -history, 83; 
speeilie eharaeters, St* ; 7’. svriulis, 82 ; 
life-hist m-v, S3 ; sjieeilie diameters, 90 ; 
7* svrriifii , 81 ; life-history, 83, 87, 89 ; 
speeilie eharaeters, 90 ; T. sn/iuui , 79 ; 
life-history, 7'.*, 83 ; specific eharaeters, 
89 

Tacniasis, 82 
Taeiiiidae, HI 

’fail, of .1 mi ii'ii/n, 333; of Xi ifis, 210, 

2 IS ; regem-ration of, 283 
Tun jl pus, host of fin ft/ ins, 172 
Tape- worms, 5, 71 
Tnphi'iH'iiiiifHi, 200, 201, III 

Tardigrada, ailinities, 311 

Ti'lniulml fit U i, J7S 

Ti'in iiih'i'/iJiii/u, J, 53. 54. /•# 

Tifiiiiioeephalidae, .■#.*, 7 .! ; hahits and 

structure, 53 f. ; ailinities, 51 
Tciinent, on hind-lcedios, -108 
Tent iidus, in I’ulyelads, 15, 20 ; in Tri- 
dads, 30, 36 ; in Vnrtimns , 45, 40 ; 
in Trematodes, 53 ; (peristomiul), of 
Spionidae, 322 ; fprostonihil), 255, 200, 
202 f. ; of Sn'i'is, 248 ; of Polyrirrus , 
294, 295 ; of Pnlyijorilius , 244 ; of 
Ten; bd lids, use of, 289 ; nerves to, 
254 
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Tentacle-sheath, in Poly /.on, >170 
Tentacular cirri =■ Pcristomiiil cirri, »/./■. 
Tentacular filaments, 301; of ('irrululids, 
323, 327 

Trrrhdhii ;i.*S : otocvst, 273; fossil. 301 ; 

T. ruin'll if i ; fit, 1 ill n* t 283. 287, 288 ; 
building of tube, 289, 200 ; gilU 329 ; 

T. iirtnifnsti, colour, 202 ; :is host, 311 ; 
Kill, 329 

Tcrcbdlidac, £/7.v. ;>?7 : shape, 250 ; ten- 1 
tildes, 233 ; Kill, —•»."» ; diuctac, 233, 267 ; 1 
gizzard. 27 1 ; tube, 283 ; use of tentacles, ' 
230 ; colour, 203 ; phosphorescence, 203 ; ' 
food of, 203 ; tube containin'.; Pnlvnoid, ! 
203 “ i 

Trrrhf'll iilrs, 200, .7 .lit ; Kill? 329 j 

Terc belli form ia, MX. J.M , ; deliuition, 304: 1 
K>‘iiital orpins, 273 ; ^litml shields, 287 ; ; 
uephridia, 230 ; nuchal organs, 273 ; 
uncini, 233. 267; vascular system, 252 
Trrrbrifinrii , -178 
Terricohi, 3n, 4* 

Terti.iry, Polyzoa, 521 
Tessin, on Hotifers, 108, 218 
Testes, of Li'pfn/tlthiti, 14, 15 ; of l l hn„iriu 
fiirfrii. 38, 39 ; of Acoela lllld Alloeo- 1 
cnd.'i, *17 ; of Trm iiiH'i'phtila, 64: of /W#/- 
.vA <//!/////, 67 ; of Ccstodcs, 76, 76, 86 — 
see also Reproductive organs 
Trlnii/nnurus, iiSlt- : 

Trlnnnirli its, 7.7 i 

Tetraphyllidiie, 0/ ■ 

Tetrarhynehidac, HI \ 

Trlrurlii/urhiis , 75, 73 n„ 85, HI \ 

Trt to *t rni mu, British species, 110 ; land : 
forms, 101, 115, 118; fresh -water forms, I 
101, 118; excretory system, 108, 100 ; j 
habits. 111 ; hermaphrodite species, 100 ; 
viviparous species, 117 
Timid in i if urn lid, 530 

T/m/'issn„a t 111, 135 f., 447. 443 ; develop- 
ment. 430 ; habits, 413 
Thr/r/nis, 200, iiJO 
TIuuhI i/u'it , Hi l 

Thompson, J. V., on term Polyzoa, 475 
Thoracic membrane, 233. 305 
Thorax, of l’olydiaetu, 250, 303, 337 
Thi/jtnnnsnitni , HI ; generic! characters, 00 ; 

T. Jinihrintu, life -history, S3 ; specific 
characters, 00 ; T.i/iunlii , specific char- ■ 
acters. 00 

Thiistiiinvum. 13, 18, KK 20 ! 

MVimnptcridac, 258, 201. .#7.7 I 

Tiniin/ifrris , ,#7/7 ; colour, 204 ; light -pro- | 
diiciiiK oi'Kan, 200 ; prostnmiuni, 250 ; i 
T. mltisi , 315 

Tooth, iu Polyzoa, 482, 622 

Tortoise. Tmi Hoci’ji/mln associated with, 53 

Torus uiteiiiiKcrus, 238 

Tracks, fossil, 302 

*>'/■## risiit, jf 

Trurisinfisis, Hiil 


Trciuatodn, 4, 51 f. ; life-histories, 71 ; 
ciassitication, 73 

Tmnhlcy, on Turhcllaria, 3 ; on Polvzou, 
■103, 407 

Trcpcistomata, 520 

Triitfiwfi/inriis (-- Trinisfiitfarin), HI ; ex- 
cretory system, 84 

Trim -thru, 201, 203, 20G, 211, ;J.i.’ h 225, 
223 

Triart liridac, 200, 201, 202, 203, 207, SJ.j 9 
223 r 

Trias, Hcrpulid in, 301 
Tiiiiiimi , 131, 135, L)4* 131 ; T. spiralis, 
146, 133 

Trichinosis, 82, 113, 147 
TricldH-i’/i/iulifUi 131, 135, 133, 144% 130, 
133 ; species of. 1 15 ; T. i/is/mr, 146 
Trir/inrlmrta , chad a, 301 
T r ii'h nth' mm % loH 
'/'rir/in/ilti.r, 03, 05 

Trir/msnuii,, I 44 * 133 ; species of, 1 15 
Trichotrachelidac, 144 
Tricladida, 7, 30 f. ; habits, 35 f. ; sexual 
reproduction, 38 ; asexual reproduction, 
40 ; ciassitication, 42 ; Itritish species, 
31, 32. 31, 12 
Trii'mim t'iin'lti , 7.77 
Tririin/iiilnrfit , HI 
Trii/uslrr. 350, XX4 
Trii/mio/mru s, IH, 27 
Triit I’ji/ir us, 357, XX.J f. 

Tri 1 , fi/i fh n 1 111 us , HJi/f. 

Tri fill'd us, 2J4 
Tristicnrhartu. 168 
Tristomatidae, .7.#, 55, 

Tristomut inac, 7.7 
Tristnimiui , ?.i 

Trifi, vilify 478, .7/.V, 533 
T I'lH'.hrtii , 303, 41/7 
Trochoplioiv, 220 
Triu'/iiifius , 7 it 

T rnt'hosph, li nt, 200, 201, 7.17, 220, 230 
Tn ieh< ispl 1 nerii lac, X i / 

Trodiospherc, of Arcliinunclida, 213, 245: 
of Polychacta, 274, 275, 510, 512 ; of 
Kchiuroidea, 430, 510; of J’olyzon; 510 
Trod 1 us, in Rotifers, 202, 204 
Trophi, of Rotifers, 200, 210 
Tnifi/iiniiii , 200, ;#.?4 ; genital organs, 273; 

bead, 262 ; intestine, 271 
Trunk, of Xrrns, 2-13 ; of Polychacta, 
250 ; of (iephyreii. -112 f. 

Tube, of Rotifers, 205 ; of Polychacta, 287 
f. ; composition of, 200 : fossil, 301, 302 ; 
of ( ’hactoj items, 323 ; of ( Itf/urnr, 287 ; 
of lintfi't'iiri'i'iit, 323 ; of Kunicr tibiana , 
290; of Himicidac, 285, 200, 318; of 
l/iifi/nliraucliits, 330 ; of Hrkutcrnbmn- 
rh its, 323 ; of Hj/alhumcin, 200, 310 ; of 
Muldanidue, 332 ; of Atifxinihi, 285, 338 ; 
of Xw'is, 31 3 ; of X irnniarld', 287 ; of 
Oiiujj/iis , 287, 319 ; of Uuxuitt, 325 ; of 
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iWtinaria , 285, 288, 330 ; ot' Palt/tlvra, \ 
323 ; of l’olyuoids, 285 ; of Panthu/is, i 
313; of Stthe/ln, 287 f.; «>f SalM-Unriu, 

2 87 ; of Sahcllidac, 337 ; of Scrpulidac, I 
200, 330 f., 340 ; of Terebellidae, 280, I 
287, 288, 289, 327 f.; of l*riui>iil«iiili-u. | 
•133 ; of Kehinrvs, 44-1 
Tube- forming glands, 304 
Tube-making, of I’olycliuctu, 287 f. 
Tiihicnloiis l*c>ly< a lisu‘t;i f 285, 300, 301, 300 
Tuhijfes', 351, 307, 300, ;?7 S ; chart uc, 

36 (f 

Til hi tic idac, 350, 301, 300, .77 .s’ 

Ttthitli/iurit, .7 /.s', 531, 532 
Tilrliellaria, 3 f. 

Turtles, parasites of, 142 

Ti/leneht/s, 131, /£j, 155. 157, 100, 103 
Tjilosunw, 422, 123, 4Ji, ,J./f/, 147 
Typhloseoleeidae, .J./S, 201, »/.:7 ; nuchal 
nipm, 273 ii. 

T/t/th/nseu/e.i\ 821 

Ti/jinst/tf is, regeneration i»f licail, 283 n. 

VliKKEM, 1)', on Oli^ocliacta, 805 
UtlntteUn, 7,1 ealhjnrtttn, 66; l r . 

pnllaeltii, c^s of, 68 
IMouellinuc, 7.7 
Umhun n/ti, 531 
Uneinaritt, 143 
Uncinate, 210, 211 

Uneini, of hdycliaeta, 200, 267, 804, 305 
Uncus, 210 . 

Urna/rlb, 400, 103, 5 IS 
Ui'tthetl HS, .i.S’.V 
Uteri i turns, S/J 

Uterus, of /.r/itn/rfiinii t 8 , 14 ; of Phnitiein, 
38, 39 ; of Trichuls, 40 ; «»f Jthahdo- 
cochi. 48; of Teuinueejthtila, 51 ; of 
Put il stum »////, 67, 50 ; of Diplozuuii. 60 ; 
of I)it/ffiiwzf»iii, 71 ; »f Ui if/iubuthriiiin , 

76 ; of Taenia , 79 ; of Sehistueephal us, 

88 ; in Hot hriitlae, 87 ; of Rotifers, 210 

Vaoina, of >/)/(( h 1 0 ; in ectoparasitic 
Tremat odes, 67 f. ; in CVstoiles, 86, 87 
Vaillant, mi llirudinea, 302, 405 
Valencia it Hit) 1\ fi nr/ vein is, 1IJ 
Vat her ia, 533 
Valient in, 'on Rotifers, 108 
Vaflisnw , 7-7 
Van at /is, .7 7.7 
Varme, 207 

Vasa deferent ia, of I.r/tfo/ifamt, 14, 15 ; of 
Ptanuria, 38, 39 ; of Acocla and A linen- , 
cocla, 47 ; of /Jijilurjsm, 60 ; of Schistu- ; 
ccpht tins, 86 ! 

Vasa efferent ia, of Lepfnjt/aua. 14, 15 ; of . 

Trichuls, 38 ^ ; 

Vascular System, of Xcniertinea, 106, ! 
107 ; of Arch inn nelidii, 244 ; of Xereis, , 
251 f.; of Polycliaeta, 251 f.; of Crypt o- 
cephala, 252 ; of Seoleoiforniin, 252 ; of 


Torcbelliformia, 252 ; absence of, in 
certain I’olyelnicta, 253 ; of Oli^ochaeta, 
355 ; of Leeches, 30ti ; of Ucphyrcn, 
415, 430, 447 ; of Phumnis, 455 
Vane/teriti. Rotifers in, 227 
Ycjduvsky, on Rliabi loci ids. Hi : on fine- 
<f it/s, 134, 1 ; on Olipiehactn, 3i»5, 

3»!i>, 374, 400 
Vermes, 317 
I ’em/ ient ns, . 1 7 «V 
Verm ilhrm ia. Id I 
Verrill, on Chaeti'K^ntha, 534 
I Vertebrates, parasites of, Hi:!, 171. 170. l s 3 
I Verwnrii, oil statohliists, 501 
! Vesicula seminal is. of lUanaria, 39 
! I ’esienbria, 48 1, .7/.s*, 533 
! Vesicnlarina, .7 IS, 523 
Vestibule, 188, 490; of larva, 609 
Vibraciihir zonci-iuiii, 185. 486, 617, 521 
Vilirai'iilnm, 177. 18 1. 485, 517. 52-1 ; 

movements, 487 ; function, 48l> 

Vicarious avieularia, 182 
Vietnretht, 102, 501, 505, ft IS, 538. 

Villot. mi life-history of Unr/tins. 172 
Vinelht, 521 ii. 

Vir*»ate, 210 

Visceral nervous system, of Xuris , 255 
Vitellariiim - Yolk-^laud, i/.e. 
Vitelln-iutestuial canal, in I'oiystonmtiilae, 

67 

Viviparous, N’cmertiiiea, 100. 117: Roti- 
fers, 200 , 21*1 I'.; I’olyehuetn, 250, 27 b 
VtJro.r, Itotifers in. 227 
Vortex, 11; Hritish .species, ,7 w; body- 
cavity, 43 

Vort ice'll ills, on I'olyclincta. 200 
Vnrtiecriui, Hritish species, 46. 40, .71/ 
Vortieidae, .7 // 

Viiilleiniii, on Nematodes in deserts, 

J 50 

•» 

Wai.Koiih, on Polyzoa, 521 
1 Ward, mi Xeetuih-nin , 108 ; on Sijn/itcn/iis , 

1 417 

Warning colours, in Polvchada. 204, 8.14 
J Waters, on f'oly/.oa, 517 
! Wheeler, on Myzostomaria. 8. 14 
| Whelk, shell occupied by A. rris, 208 
White Cat, 317 

Whitman, on Dieyemidae, 01 ; on lliru- 
j diuea. 305 f., 402, 105 f. 

Willcmoes-Suhm, von, on Tetrasteunua 
ai/ricttfa, 101. 115, 117. 118 
Willey, on atliuities of Xciiicrtiiiea, 120 ii. ; 

on (>li<rochac.ta, 382 
Winers, of Chae/n/iteras , 296, 324 
Winter-cfTtfs, of Mrsustunni. 48 ; of Roti- 
fers, 217 ; compared with statoblasts, 
103 

Woodworth. on yolk'^lauds, 38 u. 

Wreath, in Itotifers, 200 * 

Wright, on J'hf/ronis , 450, 45G 
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Yki.i.iiiv-i'ki. 1.!*, in /.rjifn/ditmt, 13 
Yolk-^laud, in /*/## nnfut % 38, 39 ; in Hli.il*- ■' 
dnenelida, 47 ; in Ti’iinmcrphnlti, 54 ; : 
in I’olystoiiiatidne, 57 : in Cnlfitihnfh- j 
riii Hi, 75 : in frlnstiMjihnhiit* 86 : in 
Rotifers, 199, 216 
Yoruba Worm, 30S, ,iS 7 . 

Yonatt, mi t W// urns t 82 
)'/!//*/ ii/, IH, 25 

Zkiiiia. parasites of, MO . 


Zulinka, on Rotifers, 198, 215 n., 218, 219. 
227, 229; on (iastrotrfelm, 222; on 
Kinorhyncha. 228 n. 

Zooeeiiim, 466, 469. 474, 488, f# 23; of 
Pliyladnlueiunla, 495 ; Inss of znoeda, 
4S1, ( - ralyci's), 4SS ; primary, 506; 
alterations with am*, 522 
Zone of budding, 279, 2N3 
Zonal, sexual and asexual, 278 f. 
Zoophytes, 465, 474 
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PROTOZOA, OOELENTERATES, EOHINODERMS, etc. 

VOLUME I. 

Protozoa, by Maiicuh Ha ktoo, M.A., D.Se. ; Porifera (Sponges), l»v 
Iokkn'a 13. J. Nor. i. as, J3.Sc. ; Coelenterata and Ctenophora, by 
S. J. Hickson, M.A., F.RS. ; Echinodermata, by K. W. MacBkidk, 
M.A., F.RS. 

NATURE . — “Taken in conj unction with the earlier published volumes, the 
work seems to fulfil the purpose of providin’' an intelligible, and adequate survey of 
the entire animal kingdom without giving undue prominence to particular groups. 

. . . Thu illustrations are excellent. ’* 

FIERI *. — “The book can bo in the strongest manner recommended to those for 
whose beiielit it lias been written. Wo know of no work from which a more truly 
scientific account of the Protozoa, Echinodcrmat.il, and oilier lower forms of animal 
life could he gained.” 

OUTLOOK . — “There is much valuable matter in these well-planned section* 
which will render the volume, like the. others which have preceded it, a necessary 
hook of reference in every well-equipped library." 


WORMS, ROTIFERS, AND POLYZOA 

VOLUME II. 

Flatworms and Mesozoa, by F. W. Gamble, D.Se. ; Nemertines, by Miss 
L. Sheldon; Threadworms and Sagitta, by A. 10. Shipley, M.A., 
F.RS.; Rotifers, by Makcus Haiitou, M.A., D.Kc. ; Polychaet 
Worms, by W. H lax land Hexham, D.Sc., M.A. ; Earthworms and 
Leeches, by F. K. 13edi>aki>, M.A., F.RS.; Gephyroa and Phoronis, 
by A. 1£. Shiplely, M.A., F.RS.; Polyzoa, by S. F. IIahmkr, Sc.I>., 
F.RS. 

CAMRRIIXJE REVIEW . — “Several of the groups treated of in this volume arc 
unknown, by sight even, to the general reader, and possess no popular name what- 
soever ; and as only a few insiguilicant details are known of the habits of thu 
animal* com] msing them, their treatment in the volume before us has necessarily 
been to a large extent anatomical. This circumstance renders the book of eN|iecial 
value to students, more particularly ns in some cases tln a articles on the groups in 
question arc the first comprehensive ones dealing with their respective subjects. . . . 
Most of the articles arc of a very high order of merit— tuke.n a* a whole, it may he 
said that they are by far the best which have as yet been published. . . . We may 
say with confidence that the same amount of information, within the same compass, 
is to be hud in no other zoological work." 

NA 'RURAL SCIENCE . — “This second volume of the Cambridge Natural History 
is certain to provo a most welcome addition to English Zoological literature. It 
deals with a series of auimal groups, nil deeply interesting to the specialist in 
morphology ; some important from their economic relations to other living tilings, 
others in their life-histories rivalling the marvols of fairy-tales. And the stylo in 
which they are here treated is also interesting ; history and the early observations 
of the older writers lend their charm ; accounts of habits and modo of occurrence, 
of life, in a word, from the cradle to the grave, nrc given in ample detail, 
accompanied by full references to modern and current literature. The whole is 
admirably illustrated." 4 
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MOLLUSCS AND BRACHIOPODS 

VOLUME III. 

Molluscs, l>y tlio Rev. A. II. Cooke, M.A. ; Brachiopods (Recent), by 
A. E. Siifi'lky, M.A., F.RS. ; Brachiopods (Fossil), by F. 11 C. 
Reed, M.A. 

FIELD . — 11 We know of no book available to the general reader which ailords 
fsucli a vast fund of information on the structure and habits of molluscs." 

KNOWLEDGE . — “If succeeding volumes are like this one, the Cambridge Xatji.v.l 
History will rank as one of the finest works on natural history ever imblislied." 

A THKXACI’M.—" The series certainly ought not to be restricted in its circula- 
tion to lecturers and students only ; and, if the fort licoming volumes reatft the 
standard of the one hero under notice, the success of the enterprise should be 
assured." 

VOLUME IV. 

Crustacea, by Geoffrey Smith, M.A., mid the late \V. F. R. Weldon, 
M.A. ; Trilobites, by Henry Woods, M.A. ; Introduction to 
Arachnida, and King-Crabs, by A. E. Shipley, M.A., F.R.S. ; 
Eurypterida, by IIen k y Woods, M.A, ; Scorpions, Spiders, Mites, 
Ticks, etc., by (Jkcil Waurukton, M.A. ; Tardigrada (Water-Bears), 
by A. E. Shipley, M.A., F.R.S.; Pentastomida, bv A. E. Shipley, ALA., 
F.R.S. : Fycnogonida, by D’Akcy W. Thompson, C.Mk, M.A. 

MORNING POST . — “The present volume fully maintains the standard that has 
been set hy the earlier volumes. . . . The editors arc heartily to lie. eo ngratu la ted 
on- the accomplishment of their lahorious undertaking. They have produced a 
trustworthy aceou nt of the various departments of the animal kingdom, of value 
both to Hie naturalist and to tho professed zoologist, a work containing such a 
quantity of information as will scarcely lie found in any othur zoological treatise of 

the Kamo kind." , , 

GUARDIAN .—" The editors may be congratulated on the production of a Avork 
which is excellently fitted to accomplish its purpose of meeting tho needs both of 
tin* serious st udent and also of the general reader in searc h of accurate information. 
Such an undertaking eould only have been brought- to a success fill issue by the 
combined labour of many specialists, and in the present volume, no less than ill 
others of tho scries which have been already noticed in these columns, the principle 
of co-operation has boon employed witli tho bust results." 

PERIPATUS, MYRIAPODS, AND INSECTS— Part I. 


VOLUME V. 

Pehpatus, by Adam Sedgwick, M.A., F.R.S. ; Myriapods, by F. G. 
Sinclair, M.A. ; Insects, Part ]., Introduction, Aptera, Orthoptera, 
Neuroptera, and a portion of Hymenoptera (Sossiliventres and 
Parasitica), by David Siiaiu*, M.A., M.B., F.R.S. 


Prof. RAPHAEL MEL VO LA, F.R.S., F.O.S. , in his Presidential Address to the 
L'ntonw/offiaU Society of London, said:—" Tho authors of this volume are eertainly 
to ho congratulated upon having furnished such a valuable contribution to our litera- 
ture. When its successor appears, and 1 will venture to express the hope that this 
will ho at no very distant period, wo shall he in possession of a treatise on the 
natural history of insects which, from the point of view of the general reader, will 
compare most favourably with any similar work that lias been published in the 
English language." , . , „ 

E.XTnMuLUUlSTS MONTIfL V MAGAZINE.—" Wo vonturo to think the 
work will be found indispensable to all who seek to extend their general knowledge 
beyond Hie. narrowing influence of exclusive attention to certain orders or groups, 
i ind that it will take a high position in ‘The Cambridge Natural History' series." 



INSECTS— Part II. 

VOLUME VI. 

Hymenoptera continued (Tubulifera and Aculeata), Coleoptera, Strep- 
siptera, Lepidoptera, Diptera, Aphaniptera, Thysanoptera, Hemip- 
tera, Anoplura, by David Shaiu*, M.A., MR, K.K.S. 

SATURDAY REVIEW. — “Dr. Sharp's treatment is altogether worthy of the 
scries and of his own high scientific reputation. lint ill a work of this sort it is 
nut only necessary that information should be accurate, but also that it shall be 
presented to the eye, so lar ns illust rations and printing are concerned, in such a 
way as to render its matter .-is easily intelligible as possible, and readily usable 
lor purposes of reference. Under both these heads we have nothing but cominenda- 
tion^ir Mr. Sharp's treatise. The illustrations uro indeed beautiful, and the uso 
of the heavy typo for the headings of the various sections and leading paragraphs 
materially helps the reader in the progress of his study. Certainly this i> a hook 
tliai should he in every entomologist's library." 

DAILY A Ell'S . — 11 It. would be bard to say too much in praise of Ibis most 
admirable volumo. It is too often the ease tliaL scientific books are. written in a 
dull and iiiiinterest ing style. Tin* reader will find nothing of that kind to complain 
of here. The. descriptions an; clear, the illustrations are. excellent ; while, as in the 
previous volumes of the series, printing and paper arc all that could be desired." 

FISHES, ASOIDIANS, etc. 

VOLUME VII. 

Hemichordata, l»y S. V. Hahmur, S«J>., F.li.S. ; Ascidians and Amphioxus, 
by W. A. IJkiidmax, D.»Sc, F.RS. ; Fishes (exclusive of the System- 
atic Account of Teleostei), by T. \V. Uimikjk, S.-.D., Kli.S. ; Fishes 
(Systematic Account of Teleostei), by (3. A. 1 •« n - i.knc ■ kh 9 F.K.S. 

A T II EX +‘EUM . - “ All who take a j-erious interest in the. ndvauec of ichthyology 
will find this a fasein.it ing hook." 

NATURE NOTES. It is a thoroughly seliohnly work lor students, amply 
(sustaining the reputation of an uneiciiL university as being in the van of .scientific 
progress.” 

AMPHIBIA AND REPTILES 

VOLUME VIII. 

IJy Hans (iadow, M.A., F.R.S. 

FIELD. — “The work is wortliy i.f the. series in which it. >ipj>ears. and we can- 
not give it higher praise." 

SCIENCE GOSS/I \ — 11 More than maintains the high seie' tilie. reputation of 
this scries The herpetologists, or students of the Amphibia mid Reptiles, have now 
a standard work of the highest rlass." 

LANCET. — “An account of both Amphibia ami Reptile,-, which should satisfy 
the expert-, and at. the same time eiiteriain the lea ler who is merely interest id in 
tho tit-hits of naturul hi.-toiy. ... A book full of ueciiratc information and pleasant 
reading.” 

MORNING POST . — “A delightful as well ns a serviceable book. . . . Herein 
perhaps lies the great, cliiinn and merit of l.)r. ( ladow 's book, that, .while .satisfying 
all the ini]iiirieh of the. student, it is also in great part written for tho ordinary 
intelligence, and the naturalist in the crowd may, while necessarily gliding over dis- 
tressing technicalities, find in its pages many hours of profitable and entertaining 
study of the habits of the classes under notice." 

NATURE . — “ In concluding the review we would express the opinion that by 
this handsome volume a very important addition to science has been made ; tha: 
the beautiful illust rations, together with the clear and charming accounts of the 
life-histories which it contains, will do i.iucli to popularise t lie study of n rather 
neglected section of zoology ; and that lovers of Reptiles, of which there arc more 
than one geuerallv thinks, will feel that the new know ledge imparted to them 
emanates from one who is thoroughly in sympathy with their enthusiasm.” ^ 
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BIRDS 

. VOLUME KX. 

By A. H. Evans, M.A 

IBIS . — 1 1 Mr. Evans has produced a book full of concentrated essence of informa- 
tion on birds, ospocially as regards their outer structure and habits, nnd one that 
wo can cordially recoinmutid as n work of rcfrrenco to all students of ornithology." 

NATURE NOTES . — “We venture to predict that, of the ton volumos of which 
this excellent series is pis mini 1 to consist, none will secure a wider popularity than 
Mr. Evans's treatise .on birds. Strange as it may a])]>car, among the many ^K)ks 
on birds that have appeared of late years, wo do not recall any that covers the samo 
ground. . . . We are grateful to the author for the mine of valuable information 
which lie has crowded betwoen his two covers.” 

SCIENCE GOSSIP. — “General rcadors will find this work most useful in 
obtaining a proper understanding of birds, and will bo assisted by the effective 
diagram of a hawk in the introduction, showing the recognised names of every part 
of tho exterior appearance. The expressions used in naming the various portions 
aro fully explained on the adjoining page. As wo have already said, the illustra- 
tions are admirable. The book is a useful addition to any library, as it treats of 
nearly every known kind of bird throughout the world.” 

SATURDAY REVIEW. — “The export and the uovico alike must bo at once 
delighted by the accuracy ami the beauty of tho illustrations. ... It is astonish- 
ing to note the mass of ixifoi matioii the author has been able to bring togothcr. . . . 
With a little practice any observant person would soon loam by the help of this 
volume to track down any bird very uoaily to its ultimate place in classification.” 

MAMMALIA 

VOLUME X. 

By Frank Evers Beddard, M.A., F.IJ.S. 

NATURE. — “Cannot fail to bo of very high value to all students of tho 
Mammalia, especially from the stand points of morphology anti palaeontology.” 

A THEN. E UM. — “Mr. Beddard has produced a volume equal in interest and 
value to the others in tho Cambridge scries.” 

LAND AND WATER. — “A notable book, tho rosult of long study, patient 
labour, sound reasoning, and careful selection, for which we are deeply indebted to 
the author.” 

DAILY NEWS. — “ A volume which, for tho interest of its contents and Gov its 
stylo and method of treatment, is not only worthy of its predecessors, but may be 
regarded as onetof the most successful of a brilliant series." 

KNOWLEDGE. — “In 'this volume Mr. Beddard has undoubtedly made airV 
important contribution to tho history of mammals, his text-book hoing the only one \ 
which can ho said to he up to date and to contain notices of tho many important. ’ 
types — both recent and fossil — discovered during the lost few years." ' ' 

FIELD.—" Its utility to the working zoological student oau hardly be overrated* 

It iB exceedingly .well illustrated.” 
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